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Abbreviations 
 
A Absorbance 
A1%1cm Specific absorbance 
ABS Absorbance 
Asm Sample Absorbance 
Astd Standard Absorbance 
b Path length 
BP British Pharmacopoeia 
C Concentration of standard 
CL  Chemiluminescence 
Conc. Concentration 
DCQ 2,6-Dichloroquinone-4-chlorimide 
?  Molar absorptivity 
LC Liquid Chromatography 
LOD Limit Of Detection 
LOQ Limit Of Quantitation  
Mwt Molecular weight 
n Number of replicates 
R2 Coefficient of determination 
RS Reference Substance 
RSD Relative Standard Deviation 
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SD Standard Deviation 
STD Standard 
UV Ultraviolet 
USP United States Pharmacopoeia 
UV-VIS Ultraviolet/Visible 
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Abstract 
Background: 
Dopamine formulations are indicated for cardiogenic shock in 
infarction or cardiac surgery (BNF).It is ineffective orally in large part because 
it is substrate for both MAO and COMT. Thus, it is used intravenously. 
Methods used for analysis of dopamine HCl injection are either 
sophisticated (liquid Chromatography in official compendia, e.i. B.p and USP) 
or utilizing techniques that is unobtainable for the quality control laboratories 
in Sudan (Flow injection analysis technique). In between, several reported 
spectrophotometric methods were adopted for determination of dopamine HCl 
in dosage form. 
The prime objective of this research work is to adopt precise, simple, 
cost-effective, specific and sensitive method for the assay of dopamine HCl , 
utilizing a UV Spectrophotometry  technique which is highly demanded in 
pharmaceutical industry sector in Sudan, to be used for routine analysis, as it is 
highly economical with respect to robustness, reagent consumption. 
Method: 
Dopamine HCl spectrum shows no absorption bands at the visible 
region instead it has an absorbance maximum at 280 nm (Ultraviloet region). 
The proposed method based on generation of a colored complex through 
utilizing the known reaction of 2,6-dichloroquinone 4-chloroimide with 
phenols, primary and secondary amines. Dopamine HCl molecular structure 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
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has both free amino (-NH2), and phenolic groups, so it has the capability to 
react with DCQ reagent. Dopamine HCl reacts with DCQ (0.12% solution in 
ethanol), in aqueous media at room temperature to produce a colored product 
absorbs light at ? max 470 nm. All reaction conditions were optimized and 
standardized.  
Results: 
The absorbance intensity of the colored product was linear with 
dopamine HCl concentration in the range of (5 µg ml-1 to 45 µg ml-1). The 
correlation coefficient was found to be (r =0.999). The limit of detection was 
2.5µg ml-1. The method was validated and applied for assay of dopamine HCl 
injection and the result was 98.9±0.83% (n=3). Furthermore the stoichiometry 
of the reaction between dopamine HCl and DCQ was studied using molar ratio 
method, and the results obtained showed that 1 mole of DA HCl react with 4 
moles of DCQ to produce the colored complex. The existence of interferent 
was studied through applying added recovery and standard addition 
approaches, and the results were 99.67% and 99.09% for the former and later 
respectively, indicating the absence of interference.  
In an attempt to overcome the standing time proposed by the first 
method and to develop a rapid, precise, simple, and sensitive method, kinetic 
studies were conducted. The reaction between DA HCl and DCQ obeyed the 
pseudo first order with respect to dopamine HCl. Rate constat, fixed 
concentration, and fixed time methods were studied, of which the later was 
succeeded and dopamine HCl could be assayed at fixed time of 20 min. by 
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applying the following equation: A=0.023+1439 C (r=1), where A, and C are 
the absorbance, and the concentration [M], consecutively. 
Conclusion: 
The outcome is that, development of two new methods 
spectrophotometric, and kinetic for analysis of dopamine HCl in bulk form 
using DCQ as a chromogen. The former of which was validated and chosen to 
be applied for analysis of dopamine HCl in dosage form. 
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κϠΨΘδϤϟ΍ 
ΔϣΪϘϣ  
δϳϭ΃ϲΒϠϘϟ΍˯ΎθΘΣϻ΍ϰοήϤϟΔϴΒϠϘϟ΍ΔϣΪμϟ΍ΔΠϟΎόϣϲϓΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍˯΍ϭΩϡΪΨΘ
ΔϴΒϠϘϟ΍ΕΎϴϠϤόϟ΍˯΍ήΟ΍˯ΎϨΛ΍ήδϜΘϠϟϪοήϋϪϧϻϢϔϟΎΑϪϟϭΎϨΗϢΘϳϻΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍˯΍ϭΩ
ΎϤϫϦϴϤϳΰϧ΍Δτγ΍ϮΑCOMT and MAOˬϱΪϳέϮϟ΍ϦϘΤϟ΍ϖϳήσϦϋάΧΆϳϚϟάϟ
ήσϙΎϨϫϮϫΎϣΎϬϨϣˬΔϴϧϻΪϴμϟ΍Ε΍ήπΤΘδϤϟ΍ϲϓΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ϞϴϠΤΘϟΓΪϳΪϋϕ
ΪϘόϣLiquid Chromatography)ϲϜϳήϣϻ΍ϭϲϧΎτϳήΒϟ΍ΔϳϭΩϷ΍ϱέϮΘγΪΑΩϮΟϮϣΎϤϛˬ(B.P & 
USP ΒοϞϣΎόϣϲϓΓήϓϮΘϣήϴϏΕΎϴϨϘΗϡΪΨΘδΗΓήΧ΍ϕήσϙΎϨϫϭˬϦϋϞϴϠΤΘϟΎϛϥ΍ΩϮδϟΎΑΓΩϮΠϟ΍ς
Ϲ΍ϦϘΤϟ΍ϖϳήσϲΑΎϴδϧFlow Injection AnalysisϦϴϣΎΑϭΪϟ΍ϞϴϠΤΘϟΕήθϧΓήΧ΃ϕήσ
ϲ΋ήϤϟ΍ϒϴτϟ΍αΎϴϗϖϳήσϦϋΪϳ΍έϮϠϛϭέΪϴϫColorimetric methods
ΚϴΣϦϣΔϟΎόϓϭΔτϴδΑϭΔϘϴϗΩΔϘϳήσΩΎϤΘϋ΍ϮϫϲΜΤΒϟ΍ΡήΘϘϤϟ΍΍άϫϦϣϲδϴ΋ήϟ΍ϑΪϬϟ΍
ΔϴϨϘΗϡ΍ΪΨΘγΎΑϚϟΫϭˬΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ΔδϳΎϘϤϟΔγΎδΣϭΓΩΪΤϣϭΔϔϠϜΘϟ΍ΓΪϘόϣήϴϏΔΑϮϠτϣϮϫϭ
ϳΩΎμΘϗ΍ϲϫΎϤϛˬϲϨϴΗϭήϟ΍ϞϴϠΤΘϟ΍ϲϓΎϬϣ΍ΪΨΘγϻˬϥ΍ΩϮδϟ΍ϲϓΔϳϭΩϷ΍ΔϋΎϨλωΎτϗϲϓΎϤϴϓΔϳΎϐϠϟΔ
Ω΍ϮϤϟ΍ϙϼϬΘγ΍ϭΕΎΒΜϟΎΑϖϠόΘϳ
ΔϘϳήτϟ΍
ϪϳΪϟϭΔϴΠδϔϨΒϟ΍ϕϮϓΔόηϻ΍ΔϘτϨϣϲϓ˯Ϯπϟ΍κΘϤϳΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ΊϳΰΟ
ϲΟϮϤϟ΍ϝϮτϟ΍ΪϨϋΔϴϟΎϋΔϴλΎμΘϣ΍ήΘϣϮϧΎϧϮ˯πϟ΍κΘϤϳϻϲ΋ήϤϟ΍ϒϴτϟ΍ΔϘτϨϣϲϓϢΘϳϢϟΎϣ
ϒϴτϟ΍ϲϓ˯Ϯπϟ΍ιΎμΘϣ΍ϦϣϪϨϜϤΗΔϴΌϳΰΟΔϴϨΑϪϳΪϟΪϳΪΟΐϛήϣϦϳϮϜΘϟήΧ΍ϲ΋ΰΟϊϣϪϠϋΎϔΗ
ϲ΋ήϤϟ΍ΓΩΎϣϊϣΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ΊϳΰΟϞϋΎϔΗϢΘϳϥϮϠϤϟ΍ΞΗΎϨϟ΍΍άϫϦϳϮϜΘϟ2,6-dichloro 4-
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chlorimideDCQΰϴϛήΘΑ0.12 %ϝϮϧΎΛ΍ϲϓϝϮϠΤϣϳΪϟΞΗΎϨϟ΍ΐϛήϤϟ΍ΔϴϟΎϋΔϴλΎμΘϣ΍Ϫ
ϲΟϮϤϟ΍ϝϮτϟ΍ΪϨϋήΘϣϮϧΎϧ
Ξ΋ΎΘϨϟ΍
ϦϴϣΎΑϭΪϟ΍ΰϴϛήΗϭΞΗΎϨϠϟΔϴλΎμΘϣϻ΍Γ˯΍ήϗϦϴΑΔϤϴϘΘδϣΔϗϼϋϚϟΎϨϫϥ΍Ξ΋ΎΘϨϟ΍ΖΘΒΛ΃
ϦϣϯΪϣϲϓΪϳ΍έϮϠϛϭέΪϴϫϰϟ·ϡ΍ήΟϭήϜϴϣϞϤϟ΍έϻ΍ϞϣΎόϣρΎΒΗ 0.999ϲϫϒθϜϟ΍ΩϭΪΣ
ϡ΍ήΟϭήϜϴϣϞϤϟ΍΍ήϳΎόϣϊϴϤΟΔϘϳήτϛΎϫΩΎϤΘϋ΍ΔϴϧΎϜϣ΍ϭΎϬΘϴϠϋΎϓΖΒΛ΍ΔϘϳήτϟ΍ΔμΣϦϣϖϘΤΘϟ
ϲϫϞϴϠΤΘϟ΍Ξ΋ΎΘϧϭϲϧϻΪϴμϟ΍ϞϜθϟ΍ϲϓΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ϞϴϠΤΘϟ98.9±0.83% (n=3)ΔϨϴόϟ
ΓήϓϮΘϤϟ΍ϦϘΤϟ΍ϦϣςϘϓΔϘϠόΘϣΎϬϧ΃ϭιΎμΘϣϻ΍Γ˯΍ήϗϲϓΏέΎπΗϭ΍εϮθΗΩϮΟϭϡΪϋΖΘΒΛ΃Δγ΍έΪϟ΍
ΞΗΎϨϟ΍ΐϛήϤϟΎΑϝϮϠΤϤϟΎΑήΧ΁ΊϳΰΟϱ΄Αβϴϟϭ
ϲϓΔϠϋΎϔΘϤϟ΍Ω΍ϮϤϟ΍ϦϣϚϠϬΘδΗϲΘϟ΍ΕϻϮϤϟ΍ΩΪϋϰϠϋϑήόΘϠϟΕΎγ΍έΪϟ΍ξόΑΖϳήΟ΃
ΔΠϴΘϨϟ΍ΖϧΎϛϭΞΗΎϨϟ΍ϦϳϮϜΗϚϠϬΘδϳΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ΊϳΰΟϦϣϝϮϣΪΣ΍ϭϱ΍ˬ
ϝ΍ΊϳΰΟϦϣΕϻϮϣDCQϥϮϠϤϟ΍ΞΗΎϨϟ΍ϦϳϮϜΘϟ
ΔϘϳήσήϳϮτΘϟϦϴϣΎΑϭΪϟ΍ϦϴΑϞϋΎϔΘϟ΍ΔϴϛήΣΔγ΍έΩϕήσΖϣΪΨΘγ΍ˬϞϴϠΤΘϠϟΔόϳήγϭΓΪϳΪΟ
ϝ΍ϭΪϳ΍έϮϠϛϭέΪϴϫDCQΖϗϮϟ΍ΔϘϳήσϖϴΒτΗΔϴϧΎϜϣ΍ΖΘΒΛ΃Ξ΋ΎΘϨϟ΍ϭΪϳ΍έϮϠϛϭέΪϴϫϦϴϣΎΑϭΪϟ΍ϞϴϠΤΘϟ
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1.1- Introduction: 
1.1.1- Dopamine  
Dopamine is a catecholamine neurotransmitter present in a wide variety of 
animals, including both vertebrates and invertebrates. It functions as a 
neurotransmitter in the brain, , activating the five types of dopamine receptors—
D1, D2, D3, D4, and D5—and their variants. Dopamine is produced in the substantia 
nigra and the ventral tegmental areas of the brain. It is also a neurohormone 
released by the hypothalamus to inhibit the release of prolactin from the anterior 
lobe of the pituitary (http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
Dopamine plays a significant role in the cardiovascular, renal, hormonal, 
and central nervous systems.  It is thought to control processes as diverse as 
movement to drug addiction.  Dopamine dendrites extend into various regions of 
the brain, controlling different functions through the stimulation of a  and ß  
adrenergic and dopaminergic receptors (D1 and D2) (Velasco et al  1998). 
There are several factors contributing to the regulation of dopamine.  The 
dopamine transporter (DAT), for example, regulates the uptake of dopamine into 
neurons.  Dopamine is thought to bind to DT via a separate binding domain that is 
constructed of multiple amino acid residues. These amino acid residues are not 
present in the primary structure of DT, but are thought to have interactions with 
the protein in its tertiary form (Chen et al., 2000). 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Ϯ 
 
MAO (monoamine oxidase) breaks down free dopamine (not contained in 
a vesicle).  MAO inhibition studies show an increase in dopamine concentrations 
in the absence of MAO.  This suggests that not only does MAO play a role in 
recycling the components of dopamine, but it also keeps the concentration of 
dopamine lower than the rate at which it is being produced (Shih et al., 1999). 
Dopamine is available as an intravenous medication acting on the 
sympathetic nervous system. However, because dopamine cannot cross the blood-
brain barrier, dopamine given as a drug does not directly affect the central nervous 
system. To increase the amount of dopamine in the brains of patients with diseases 
such as Parkinson's disease and dopa-responsive dystonia, L-DOPA, which is the 
precursor of dopamine, can be given because it can cross the blood-brain barrier. 
(http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
1.1.1.1- History 
Dopamine was first synthesized in 1910 by George Barger and James 
Ewens at Wellcome Laboratories in London, England. It was named dopamine 
because it was a monoamine, and its synthetic precursor was 3,4-
dihydroxyphenylalanine (L-DOPA). Dopamine's function as a neurotransmitter 
was first recognized in 1958 by Arvid Carlsson and Nils-Åke Hillarp at the 
Laboratory for Chemical Pharmacology of the National Heart Institute of Sweden. 
Carlsson was awarded the 2000 Nobel Prize in Physiology or Medicine for 
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showing that dopamine is not just a precursor of norepinephrine (noradrenaline) 
and epinephrine (adrenaline), but a neurotransmitter as well. 
(http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
1.1.1.2- Physical properties:  
A white or almost white, crystalline powder, freely soluble in water, 
soluble in alcohol, sparingly soluble in acetone and in methylene chloride. (B.P 
2007) 
1.1.1.3- Chemistry: 
1.1.1.3.1- chemical properties: 
     Dopamine HCl  IUPAC’s  name is 4-(2-aminoethyl)benzene-1,2-diol 
hydrochloride, other chemical names; 2-(3,4dihydroxyphenyl)ethylamine &3,4-
dihydroxyphenethylamine . Its chemical structure is: 
 
NH2HO
HO
HCl
 
Figure 1.1 
Dopamine HCl Molecular Structure 
C8H11NO2, HCl ,      M.Wt. 189.6 
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 1.1.1.3.2- Infrared Absorption Spectrophotometry of Dopamine 
Figure 1.2 
IR spectrum of dopamine 
(Reproduced from BP 
 
 
 
 
1.1.1.3.3- chemical synthesis: 
Dopamine: As a medicinal agent, dopamine, 
ethylamine, is synthesized by 
dimethoxyphenyl)ethylamine, using hydrogen bromide 
 
ϰ 
HCl 
2007) 
 
2-(3,4
demethylation of 
. 
HCl: 
 
-dihydroxyphenyl)-
2-(3,4-
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Figure 1.3 
Synthesis of dopamine  
(Reproduced from R.S. Vardanyan et al 2006) 
 
  It has been reported (R. N. Icke and C. E. Redemann, private 
communication) that ß -phenylethylamine, as well as several substituted ß -
phenylethylamines(ß -(3,4-dimethoxyphenyl)ethylamine) may be prepared in 
excellent yields by catalytic reduction of his corresponding cyanide in 10 N 
methanolic ammonia. 
 
Figure 1.4 
Synthesis of ß -phenylethylamineby catalytic reduction of benzyl cyanide 
(Reproduced from John C. Robinson et al 1943) 
  
 
1.1.1.3.4- Structural Activity Relationship:  
The parent structure for many of the sympathomimetic drugs is ß -
phenylethylamine. The manner in which ß -phenylethylamine is substituted on the 
meta- and para-positions of the aromatic ring and on the amino, a  andß  positions 
of the ethylamine side chain influences not only the mechanism of the 
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 sympathomimetic action but also the receptor selectivity of the drug. For the 
direct-acting sympathomimetic amines, maximal activity is seen in ß 
phenylethylamine derivatives c
positions of the aromatic ring (a catechol) and a ß 
stereochemical 
structural features are seen in the prototypical 
epinephrine, and iso
                           
               meta         
                         Para                                        a 
Figure 1.5 
ß -phenylethylamine 
(Reproduced from Wikimedia.org/Wikipedia)
 
 
 
The presence of the amino group in the phenylethylamines
direct agonist activity.  The amino group should be separated from the aromatic 
ring by two carbon atoms for optimal activity.  Both primary and secondary 
ϲ 
ontaining hydroxyl groups in the 
-hydroxyl group of the correct 
configuration on the ethylamine portion of the molecule. Such 
direct-acting compounds NE, 
-proterenol.  
 
                              ß  
                             
structure 
 
-
meta- and para-
 
                                                               
 is important for 
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amines are found among the potent direct-acting agonists, but tertiary and 
quaternary amines tend to be poor direct agonists. The nature of the amino 
substituent dramatically affects the receptor selectivity of the compound. In 
general, as the bulk of the nitrogen substituent increases, a -receptor activity 
increases. (Wilson et al 1998) 
 
1.1.1.4- Biochemistry: 
   1.1.1.4.1- Biosynthesis 
Dopamine is biosynthesized in the body (mainly by nervous tissue and the 
medulla of the adrenal glands) first by the hydroxylation of the amino acid L-
tyrosine to L-DOPA via the enzyme tyrosine 3-monooxygenase, also known as 
tyrosine hydroxylase, and then by the decarboxylation of L-DOPA by aromatic L-
amino acid decarboxylase (which is often referred to as dopa decarboxylase). In 
some neurons, dopamine is further processed into norepinephrine by dopamine 
beta-hydroxylase.In neurons, dopamine is packaged after synthesis into vesicles, 
which are then released into the synapse in response to a presynaptic action 
potential. http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
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 Figure 1.6 
Biosynthesis of Dopamine             
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      1.1.1.4.2- Inactivation and degradation: 
Two major degradation pathways for dopamine exist. In most areas of the 
brain, including the striatum and basal ganglia, dopamine is inactivated by 
reuptake via the dopamine transporter (DAT1), then enzymatic breakdown by 
monoamine oxidase (MAOA and MAOB) into 3,4-dihydroxyphenylacetic acid. In 
the prefrontal cortex, however, there are very few dopamine transporter proteins, 
and dopamine is instead inactivated by reuptake via the norepinephrine transporter 
(NET), presumably on neighboring norepinephrine neurons, then enzymatic 
breakdown by catechol-O-methyl transferase (COMT) into 3-methoxytyramine. 
The DAT1 pathway is roughly an order of magnitude faster than the NET 
pathway: in mice, dopamine concentrations decay with a half-life of 200 ms in the 
caudate nucleus (which uses the DAT1 pathway) versus 2,000 ms in the prefrontal 
cortex. Dopamine that is not broken down by enzymes is repackaged into vesicles 
for reuse by vesicular monoamine transporter 2 (VMAT2).    
(http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
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 Figure 1.7 
Biodegradation of dopamine
 
 
1.1.1.5- Dopamine and fruit browning
Polyphenol oxidases
browning of fresh fruits and vegetables when they are cut or bruised. These 
ϭϬ 
 
: 
 (PPOs) are a family of enzymes responsible for the 
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enzymes use molecular oxygen (O2) to oxidise various 1,2-diphenols to their 
corresponding quinones. The natural substrate for PPOs in bananas is dopamine. 
The product of their oxidation, dopamine quinone, spontaneously oxidises to other 
quinones. The quinones then polymerise and condense with amino acids and 
proteins to form brown pigments known as melanins. The quinones and melanins 
derived from dopamine may help protect damaged fruit and vegetables against 
growth of bacteria and fungi. (http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
1.1.1.6- Dopamine HCl Injection: 
Dopamine Hydrochloride Injection, USP is a clear, practically colorless, 
aqueous, additive solution for intravenous infusion after dilution. Each mL 
contains 40 mg, 80 mg, or 160 mg dopamine HCl, USP (equivalent to 32.3 mg, 
64.6 mg and 129.2 mg dopamine base respectively) in Water for Injection, USP, 
containing 9 mg sodium metabisulfite as an antioxidant. The pH range (2.5 to 5.0) 
may be adjusted with citric acid and/or sodium citrate. The solution is sterile and 
nonpyrogenic. Dopamine HCl, a naturally occurring catecholamine, is an inotropic 
vasopressor agent. Dopamine HCl is sensitive to alkalis, iron salts and oxidizing 
agents. DOPAMINE must be diluted in an appropriate, sterile parenteral solution 
before intravenous administration.( http://www.rxlist.com/dopamine-drug.htm) 
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1.1.1.7-  CLINICAL PHARMACOLOGY: 
Dopamine is a natural catecholamine formed by the decarboxylation of 
3,4-dihydroxyphenylalanine (DOPA). It is a precursor to norepinephrine in 
noradrenergic nerves and is also a neurotransmitter in certain areas of the central 
nervous system, especially in the nigrostriatal tract, and in a few peripheral 
sympathetic nerves. Dopamine produces positive chronotropic and inotropic 
effects on the myocardium, resulting in increased heart rate and cardiac 
contractility. Dopamine’s onset of action occurs within five minutes of intravenous 
administration, and with dopamine’s plasma half-life of about two minutes, the 
duration of action is less than ten minutes. Dopamine is metabolized in the liver, 
kidney, and plasma by MAO and catechol-O-methyltransferase to the inactive 
compounds homovanillic acid (HVA) and 3,4-dihydroxyphenylacetic acid. It has 
been reported that about 80% of the drug is excreted in the urine within 24 hours, 
primarily as HVA and its sulfate and glucuronide conjugates and as 3,4-
dihydroxyphenylacetic acid. A very small portion is excreted unchanged..Last 
reviewed on (http://www.drugs.com/pro/dopamine-injection.html-19/8/2011) 
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1.1.1.8- Therapeutic Indications: 
DOPAMINE is indicated for the correction of hemodynamic imbalances 
present in the shock syndrome due to myocardial infarctions, trauma, endotoxic 
septicemia, open heart surgery, renal failure, and chronic cardiac decompensation 
as in congestive failure. (http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
 
1.1.1.9- DOSAGE & ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration 
to patient. 
Suggested Dilution: Transfer contents of one or more ampoules or vials by 
aseptic technique to either 250 mL or 500 mL of one of the following sterile 
intravenous solutions: 
1. Sodium Chloride Injection, USP 
2. Dextrose (5%) Injection, USP 
3. Dextrose (5%) and Sodium Chloride (0.9%) Injection, USP 
4. 5% Dextrose in 0.45% Sodium Chloride Solution 
5. Dextrose (5%) in Lactated Ringer's Solution 
6. Sodium Lactate (1/6 Molar) Injection, USP 
7. Lactated Ringer's Injection, USP 
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DOPAMINE has been found to be stable for a minimum of 24 hours after 
dilution in the sterile intravenous solutions listed above. However, as with all 
intravenous admixtures, dilution should be made just prior to administration. 
(http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
 
1.1.1.10-  SIDE EFFECTS: 
Nausea, vomiting, chest pain, palpitation, tachycardia, vasoconstriction, 
hypotension, dyspnoea, headache; less commonly bradycardia, 
hypertension, gangrene, mydriasis; rarely fatal ventricular arrhythmias. 
(BNF 62  2011) 
 
1.1.1.11-  DRUGS INTERACTIONS: 
Cyclopropane or halogenated hydrocarbon anesthetics increase cardiac 
autonomic irritability and may sensitize the myocardium to the action of certain 
intravenously administered catecholamines, such as dopamine. Patients who have 
been treated with MAO inhibitors within two to three weeks prior to the 
administration of dopamine should receive initial doses of dopamine HCl not 
greater than one-tenth (1/10) of the usual dose. 
Concurrent administration of low-dose dopamine HCl and diuretic agents 
may produce an additive or potentiating effect on urine flow. 
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Tricyclic antidepressants may potentiate the cardiovascular effects of 
adrenergic agents. 
Cardiac effects of dopamine are antagonized by beta-adrenergic blocking 
agents, such as propranolol and metroprolol. The peripheral vasoconstriction 
caused by high doses of dopamine HCl is antagonized by alpha-adrenergic 
blocking agents. Dopamine-induced renal and mesenteric vasodilation is not 
antagonized by either alpha- or beta-adrenergic blocking agents. 
Butyrophenones (such as haloperidol) and phenothiazines can suppress the 
dopaminergic renal and mesenteric vasodilation induced with low-dose dopamine 
infusion. 
The concomitant use of vasopressors, vasoconstricting agents (such as 
ergonovine) and some oxytocic drugs may result in severe hypertension. 
Administration of phenytoin to patients receiving dopamine HCl has been 
reported to lead to hypotension and bradycardia. Last reviewed on 
(http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
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1.1.1.13- PRECAUTIONS: 
Pregnancy: Pregnancy Category C 
Labor and Delivery: In obstetrics, if vasopressor drugs are used to correct 
hypotension or are added to a local anesthetic solution the interaction with some 
oxytocic drugs may cause severe hypertension. 
 Nursing Mothers: It is not known whether this drug is excreted in human 
milk. Because many drugs are excreted in human milk, caution should be 
exercised when DOPAMINE is administered to a nursing mother. 
Pediatric Use: Safety and effectiveness in children have not been 
established. Peripheral gangrene has been reported in neonates and children. Last 
reviewed on (http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
 
1.1.1.14-  OVERDOSE: 
 In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue DOPAMINE 
until patient's condition stabilizes. Since the duration of action of DOPAMINE is 
quite short, no additional remedial measures are usually necessary. If these 
measures fail to stabilize the patient's condition, use of the short-acting alpha 
adrenergic blocking agent, phentolamine, should be considered. 
(http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
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1.1.1.15-  CONTRAINDICATIONS: 
DOPAMINE should not be used in patients with pheochromocytoma. 
DOPAMINE should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. Last reviewed on 
(http://www.rxlist.com/dopamine-drug.htm-19/8/2011) 
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1.1.2- DCQ (2,6-Dichloroquinone-4-chloroimide) 
 
 
Figure 1.8 
DCQ molecular structure 
 
(a) Chemical name: 2,6-Dichloroquinone-4-chloroimide 
(b) Molecular Formula: C6H2Cl3NO 
(c) Molecular weight: 210.45 
(d) m.p:65-67° C 
(e) Storage temperature: 2-8° C 
(f) Form: crystalline 
(g) Color: yellow 
(h) Water solubility: insoluble 
(i) Stability: stable, keep refrigerated 
(http://www.chemicalbook.com/ChemicalProductProperty_EN_CB6748841.htm-
(dec.2010) 
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The reaction of phenolic compounds with 2,6 –dibromo- or 2,6 –
dichloroquinone cholorimide is commonly known as the Gibbs reaction. This 
reagent also gives colored species with uric acid, theophylline, thiouracil , and 
pyridoxal. The pH of the medium affects the rate of the reaction, as well as the 
intensity and the stability of the color developed. Initially considered as almost 
specific for phenolic compounds unsubstituted at the para position, the Gibbs 
reaction also gives positive results with numerous phenols so substituted. . The 
reactive hydrogen of the –SH group permits the condensation with 2,6-
Dichloroquinone-4-chloroimide to give a colored dichloroquinone sulfenimide. 
(Pesez & Bartos 1974). DCQ has been used for detection of antioxidants, 
including phenolic types and a few primary and secondary amines. (Joseph 
Hansbro Ross 1968) 
Several applications for these reactions were developed, for examples, 
DCQ was used for determination of; uric acid (W. R. FEARON 1944), prenalterol 
hydrochloride (F.A. ALY et al 1994), leflunomide in the presence of its degradates 
(Abbas et al 2006), propofol in bulk, dosage forms, and biological fluids (E.A. 
Gadkariem et al 2000), captopril (Nahed El-Enany et al 2008), methyldopa 
(E.A.Gadkariem et al 2009). 
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1.1.3- Ultraviolet-Visible Spectrophotometry Principles & Techniques 
Before the beginning of the twentieth century most quantitative chemical 
analyses used gravimetry or titrimetry as the analytical method. With these 
methods, analysts achieved highly accurate results, but were usually limited to the 
analysis of major and minor analytes. Other methods developed during this period 
extended quantitative analysis to include trace level analytes. One such method 
was colorimetry.  
Colorimetric analysis of organic compounds and drugs have been used 
extensively in numerous fields, and it may be stated that they will remain of great 
value in the future, in spite of the steadily growing resort to purely physical 
methods which often necessitate very sophisticated and expensive instrumentation. 
Routine colorimetric analysis can be performed with very simple instrumentation, 
resulting nevertheless in sensitive and accurate measurements with the advantages 
of speed and simplicity. 
  
1.1.3.1- Absorbance of Electromagnetic Radiation: 
In absorption spectroscopy a beam of electromagnetic radiation passes 
through a sample. Much of the radiation is transmitted without a loss in intensity. 
At selected frequencies, however, the radiation’s intensity is attenuated. This 
process of attenuation is called absorption. Two general requirements must be met 
if an analyte is to absorb electromagnetic radiation. The first requirement is that 
there must be a mechanism by which the radiation’s electric field or magnetic field 
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interacts with the analyte. For ultraviolet and visible radiation, this interaction 
involves the electronic energy of valence electrons. A chemical bond’s vibrational 
energy is altered by the absorbance of infrared radiation.  The second requirement 
is that the energy of the electromagnetic radiation must exactly equal the 
difference in energy,   E, between two of the analytes quantized energy states. 
Figure 1.7 shows a simplified view of the absorption of a photon. The figure is 
useful because it emphasizes that the photon’s energy must match the difference in 
energy between a lower-energy state and a higher-energy state. (David Harvey 
2000) 
                
Figure 1.9 
Simplified energy level diagram showing 
absorption of a photon. 
 
1.1.3.2- UV/Vis Spectra for Molecules and Ions:  
When a molecule or ion absorbs ultraviolet or visible radiation it undergoes a 
change in its valence electron configuration. The valence electrons in organic 
molecules, and inorganic anions such as CO32–, occupy quantized sigma bonding, 
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s , pi bonding, p , and nonbonding, n, molecular orbitals. Unoccupied sigma 
antibonding, s  *, and pi antibonding, p  *, molecular orbitals often lie close enough 
in energy that the transition of an electron from an occupied to an unoccupied 
orbital is possible. Four types of transitions between quantized energy levels 
account for molecular UV/Vis spectra. The approximate wavelength ranges for 
these absorptions, as well as a partial list of bonds, functional groups, or molecules 
that give rise to these transitions is shown in Table 1.1. Of these transitions, the 
most important are the n     p * and    p       p *, because they involve functional 
groups that are characteristic of the analyte and wavelengths that are easily 
accessible. The bonds and functional groups that give rise to the absorption of 
ultraviolet and visible radiation are called chromophores. 
Comparing the IR spectrum to the UV/Vis spectrum, we note that UV/Vis 
absorption bands are often significantly broader than those for IR absorption. 
When a species absorbs UV/Vis radiation, the transition between electronic energy 
levels may also include a transition between vibrational energy levels. The result is 
a number of closely spaced absorption bands that merge together to form a single 
broad absorption band. (David Harvey 2000) 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Ϯϯ 
 
Table 1.1 
 Electronic Transitions Involving n, p ,  
and s  Molecular Orbitals. 
 
 
1.1.3.3- Effect of Solvents on Absorption Wavelengths: 
1.1.3.3.1- Red Shift:  
A molecule will dissolve in a solvent if solution leads to a lower energy 
system, that is, if energy changes favor solution. This can be expressed on an 
energy diagram as in figure 1.10. 
 
Figure1.10  
The energy difference between p  and p * levels is decreased in the polar solvents; 
the absorption wavelength increases (red shift)  
(Reproduced from Robinson, 1995) 
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   Electrons in a p * bonding orbital are more polar than electrons in a p  
bonding orbital. Therefore, if a molecule is dissolved in a polar solvent the energy 
difference will be less than the energy difference when the molecule is in a non-
polar solvent.As consequence, the absorption maximum is changed to a longer 
wavelength in a polar solvent (Red shift) (Robinson, 1995). 
 
1.1.3.3.2- Blue Shift: 
   The n electrons are known to be susceptible to hydrogen bonding more 
than electrons in a p  orbital. The energy levels of n electrons decrease more than 
the energy level of electrons in the p * orbital if hydrogens are available in the 
solvent. An energy diagram of such a system is shown in figure1.11.The energy 
involved in the transition n ? p * when the solvent is non-polar is less than the 
energy involved in the same transition when the molecule is in a hydrogen 
donating solvent. As a consequence, the absorption maximum in hydrogen 
donating solvent will move to a shorter wavelength (blue shift) (Robinson, 1995). 
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 Figure 1.11 
 Energy differences between n and p * levels increase in solvents that can provide   
H to the lone pair. The absorption wavelength decreases (blue shift) 
(Reproduced from Robinson, 1995) 
   A molecule that contains both p  orbital and n electrons may exhibit both a 
red and a blue shift. Molecules that contain both p  orbital and n electrons would be 
expected to have an absorption spectrum in nonpolar non-hydrogen-donating 
solvent such as hexane, shown in figure 1.12. 
 
Figure1.12: Expected absorption spectrum of a molecule undergoing p ?     p * 
transitions and n?     p *. 
(Reproduced from Robinson, 1995) 
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The absorption coefficient of the p ? p * transition is considerably greater 
than that of the n?  p * transition, thus generating a higher degree of absorption.       
Also, in general, the n?  p * transitions occur at longer wavelengths because the 
energy difference for this transition is lower. If we need to confirm these 
assignments, we would put the sample in a solvent such as ethanol. Which is both 
polar and capable of donating hydrogens; the polar nature would induce a red shift 
in the p  ?  p * transition and hydrogen donation would induce a blue shift in the n- 
p * transition. If our assignments were correct, then the expected absorption 
spectrum in ethanol would be as shown in figure 1.13. The combined evidence of 
the relative degree of absorption and the blue and red shifts occurring in ethanol 
strongly supports the idea that the molecule contains both p  bonds and n electrons 
(Robinson, 1995). 
 
Figure1.13: Absorption spectrum in ethanol of a molecule containing both p  bonds 
and n electrons. 
(Reproduced from Robinson, 1995) 
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1.1.3.4- Absorbance and Concentration: Beer’s Law 
               A = abC                                  equ. 1.1 
where a is the analyte’s absorptivity with units of cm-1 conc–1. When concentration 
is expressed using molarity, the absorptivity is replaced by the molar absorptivity, 
? (with units of cm–1 M–1) 
              A = ? bC                                equ. 1.2 
The absorptivity and molar absorptivity give, in effect, the probability that 
the analyte will absorb a photon of given energy. As a result, values for both a and 
?  depend on the wavelength of electromagnetic radiation. 
Equations 1.1 and 1.2, which establish the linear relationship between 
absorbance and concentration, are known as the Beer–Lambert law, or more 
commonly, as Beer’s law. Calibration curves based on Beer’s law are used 
routinely in quantitative analysis. . (David Harvey 2000) 
 
1.1.3.4.1- Limitations to Beer’s Law 
According to Beer’s law, a calibration curve of absorbance versus the 
concentration of analyte in a series of standard solutions should be a straight line 
with an intercept of 0 and a slope of ab or ? b. In many cases, however, calibration 
curves are found to be nonlinear (Figure 1.14). Deviations from linearity are 
divided into three categories: fundamental, chemical, and instrumental. 
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 Figure 1.14 
 Calibration curves showing positive and 
  negative deviations from Beer’s law. 
 
1.1.3.4.1.1- Fundamental Limitations to Beer’s Law:  
Beer’s law is a limiting law that is valid only for low concentrations of 
analyte. There are two contributions to this fundamental limitation to Beer’s law. 
At higher concentrations the individual particles of analyte no longer behave 
independently of one another. The resulting interaction between particles of 
analyte may change the value of ? . A second contribution is that the absorptivity, 
a, and molar absorptivity, ? , depend on the sample’s refractive index. Since the 
refractive index varies with the analyte’s concentration, the values of a and ?  will 
change. For sufficiently low concentrations of analyte, the refractive index remains 
essentially constant, and the calibration curve is linear. 
 
1.1.3.4.1.2- Chemical Limitations to Beer’s Law:  
Chemical deviations from Beer’s law can occur when the absorbing species 
is involved in an equilibrium reaction. Consider, as an example, an analysis for the 
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weak acid, HA. To construct a Beer’s law calibration curve, several standards 
containing known total concentrations of HA, Ctot, are prepared and the 
absorbance of each is measured at the same wavelength. Since HA is a weak acid, 
it exists in equilibrium with its conjugate weak base, A– 
 
If both HA and A– absorb at the selected wavelength, then Beers law is 
written as: 
                              A = ? HAbCHA + ? AbCA                         equ. 1.3 
Where CHA and CA are the equilibrium concentrations of HA and A–. Since 
the weak acid’s total concentration, Ctot, is 
                            Ctot = CHA + CA               
the concentrations of HA and A– can be written as 
                             CHA = a HACtot                                       equ.1.4 
                             CA = (1 – a HA)Ctot                                equ.1.5 
where a HA is the fraction of weak acid present as HA. Substituting equations 1.4 
and 1.5 into equation 1.3, and rearranging, gives 
A = (a HA? HA + ? A – a A? HA)bCtot             1.6 
Because values of a HA may depend on the concentration of HA, equation 
1.6 may not be linear. A Beer’s law calibration curve of A versus Ctot will be linear 
if one of two conditions is met. If the wavelength is chosen such that ? HAand ? A 
are equal, then equation 1.6 simplifies to 
                                                A = ? AbCtot  
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and a linear Beer’s law calibration curve is realized. Alternatively, if a HA is held 
constant for all standards, then equation 1.6 will be a straight line at all 
wavelengths. Because HA is a weak acid, values of a HA change with pH. To 
maintain a constant value for a HA, therefore, we need to buffer each standard 
solution to the same pH. Depending on the relative values of ? HA and ? A, the 
calibration curve will show a positive or negative deviation from Beer’s law if the 
standards are not buffered to the same pH. 
 
1.1.3.4.1.3- Instrumental Limitations to Beer’s Law:  
There are two principal instrumental limitations to Beer’s law. The first 
limitation is that Beer’s law is strictly valid for purely monochromatic radiation; 
that is, for radiation consisting of only one wavelength, however, even the best 
wavelength selector passes radiation with a small, but finite effective bandwidth. 
Using polychromatic radiation always gives a negative deviation from Beer’s law, 
but is minimized if the value of ?  is essentially constant over the wavelength 
range passed by the wavelength selector. For this reason, it is preferable to make 
absorbance measurements at a broad absorption peak. In addition, deviations from 
Beer’s law are less serious if the effective bandwidth from the source is less than 
one tenth of the natural bandwidth of the absorbing species. When measurements 
must be made on a slope, linearity is improved by using a narrower effective 
bandwidth. Stray radiation is the second contribution to instrumental deviations 
from Beer’s law. Stray radiation arises from imperfections within the wavelength 
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selector that allows extraneous light to “leak” into the instrument. . (David Harvey 
2000) 
 
1.1.3.5- Chemical derivatisation 
Indirect spectrophotometric assays are based on the conversion of the 
analyte by a chemical reagent to a derivative that has different spectral properties. 
When an excess of the reagent is used, to ensure complete conversion, the 
absorbance of the derivative is usually, but not always, proportional to the 
concentration of the analyte. The majority of indirect spectrophotometric 
procedures involve the conversion of the analyte to derivative that has a longer 
? max and/or a higher absorptivity. Chemical derivatisation procedure may be 
adopted for any of several reasons: 
(a) If the analyte absorbs weakly in the ultraviolet region, a more sensitive 
method of assay is obtained by converting the substance to a derivative 
with a more intensely absorbing chromophore. 
(b) The interference from irrelevant absorption may be avoided by 
converting the analyte to a derivative which absorbs in the visible 
region, where irrelevant absorption is negligible. 
(c) Indirect spectrophotometric procedures are also used to improve the 
selectivity of the assay of an ultraviolet–absorbing substance in a 
sample that contains other ultraviolet–absorbing components. 
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(d) The adoption of a visible spectrophotometric procedure, instead of an 
ultraviolet procedure, may be based on cost considerations. In general, 
single-beam manually adjusted visible spectrophotometers (sometimes 
called colorimeters) are much cheaper than ultraviolet–visible 
spectrophotometers.(Beckett et al 1997) 
 
1.1.3.6- Quantitative Applications 
‘The determination of an analyte’s concentration based on its absorption of 
ultraviolet or visible radiation is one of the most frequently encountered 
quantitative analytical methods. One reason for its popularity is that many organic 
and inorganic compounds have strong absorption bands in the UV/Vis region of 
the electromagnetic spectrum. In addition, analytes that do not absorb UV/Vis 
radiation, or that absorb such radiation only weakly, frequently can be chemically 
coupled to a species that does. An additional advantage to UV/Vis absorption is 
that in most cases it is relatively easy to adjust experimental and instrumental 
conditions so that Beer’s law is obeyed’. 
The assay of an absorbing substance may be quickly carried out by 
preparing a solution in a transparent solvent and measuring its absorbance at a 
suitable wavelength. The wavelength normally selected is a wavelength of 
maximum absorbance (? max) where small errors in setting the wavelength scale 
have little effect on the measured absorbance. The preferred method is to read the 
absorbance from the instrument display under non-scaning conditions, i.e. with the 
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monochromator set at the analytical wavelength. Alternatively, the absorbance 
may be read from a recording of the spectrum obtained by using a recording 
double-beam spectrophotometer. The later procedure is particularly useful for 
qualitative purposes, and in certain assays in which absorbances at more than one 
wavelength are required. The concentration of the absorbing substance is then 
calculated from the measured absorbance using one of three principle procedures. 
(Beckett et al 1997) 
 
1.1.3.6.1- Use of a standard absorptivity value: 
This procedure is adopted by the official compendia, e.g. British 
Pharmacopeia, for stable substances. The use of standard A (1% 1 cm) or ?  values 
avoids the need to prepare a standard solution of the reference substance in order 
to determine its absorptivity, and is of advantage in situation where it is difficult or 
expensive to obtain a sample of the reference substance.( Beckett et al 1997) 
 
1.1.3.6.2- Use of a calibration graph: 
In this procedure the absorbance of a number (typically 4-6) of standard 
solutions of the reference substance at concentrations encom-passing the sample 
concentrations are measured and a calibration graph constructed .The 
concentration of the analyte in the sample solution is read from the graph as the 
concentration corresponding to the absorbance of the solution. Calibration data are 
essential if the absorbance has a non-linear relationship with concentration, if it is 
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necessary to confirm the proportionality of absorbance as a function of 
concentration, or if the absorbance or linearity is dependent on the assay 
conditions. In certain visible spectrophotometric assays of colourless substances, 
based upon conversion to coloured derivatives by heating the substance with one 
or more reagents, slight variation of assay conditions, e.g. PH, temperature and 
time of heating, may give rise to a significant variation of absorbance, and 
experimentally derived calibration data are required for each set of samples. 
(Beckett et al 1997) 
 
1.1.3.6.3- Single or double point standardization: 
The single-point procedure involves the measurement of the absorbance of 
a sample solution and of a standard solution of the reference substance. The 
standard and sample solutions are prepared in a similar manner; ideally, the 
concentration of the standard solution should be closed to that of the sample 
solution. The concentration of the substance in the sample is calculated from the 
proportion relationship that exists between absorbance and concentration.  
                                     Ctest     =    Atest x Cstd                         equ. 1.7 
                                                        Astd 
Where Ctest and Cstd are the concentrations in the sample and standard 
solutions respectively, and Atest and Astd are the absorbances of the sample and 
standard solutions respectively. Since sample and standard solutions are measured 
under identical conditions, this procedure is the preferred method of assay of 
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substance that obey Beer’s Law and for which a reference standard of adequate 
purity is available. It is the procedure adopted in many spectrophotometric assays 
of the British Pharmacopoeia and for the majority of  spectrophotometric assays of 
the United States Pharmacopoeia. Occasionally a linear but non-proportional 
relationship between concentration and absorbance occurs, which is indicated by a 
significant positive or negative intercept in a Beer’s law plot. A ‘two-point 
bracketing’ standardization is therefore required to determine the concentration of 
the sample solutions. The concentration of one of the standard solutions is greater 
than that of the sample while the other standard solution has a lower concentration 
than the sample. The concentration of the substance in the sample solution is given 
by the equation. 
 
               Ctest = (Atest-Astd1)(Cstd1-Cstd2)+ Cstd1(Astd1-Astd2)              equ. 1.8 
                                               Astd1-Astd2 
Where the subscripts std1 and std2 refer to the more concentrated standard 
and less concentrated standard respectively.(Beckett et al 1997) 
 
 1.1.3.7- Qualitative Applications: 
Ultraviolet, visible and infrared absorption bands result from the absorption 
of electromagnetic radiation by specific valence electrons or bonds. The energy, at 
which the absorption occurs, as well as the intensity of the absorption, is 
determined by the chemical environment of the absorbing moiety. For example, 
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benzene has several ultraviolet absorption bands due to p           p * transitions. The 
position and intensity of two of these bands, 203.5 nm (? = 7400) and 254 nm (? = 
204), are very sensitive to substitution. For benzoic acid, in which a carboxylic 
acid group replaces one of the aromatic hydrogens, the two bands shift to 230 nm 
(? = 11,600) and 273 nm (? = 970). Several rules have been developed to aid in 
correlating UV/Vis absorption bands to chemical structure. With the availability of 
computerized data acquisition and storage it is possible to build database libraries 
of standard reference spectra. When a spectrum of an unknown compound is 
obtained, its identity can often be determined by searching through a library of 
reference spectra. This process is known as spectral searching.  
Another advantage of computerized data acquisition is the ability to 
subtract one spectrum from another. When coupled with spectral searching it may 
be possible, by repeatedly searching and subtracting reference spectra, to 
determine the identity of several components in a sample without the need of a 
prior separation step. (David Harvey 2000) 
 
1.1.3.8- Calibration graphs in instrumental analysis: 
The usual procedure is as follows: the analyst takes a series of materials 
(normally at least three or four, and possibly several more) in which the 
concentration of the analyte is known. These calibration standards are measured in 
the analytical instrument under the same conditions as those subsequently used for 
the test (i.e. the ‘unknown’) materials. Once the calibration graph has been 
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established the analyte concentration in any test material can be obtained, as 
shown in Figure 1.15, by interpolation. (James N. Miller &Jane C. Miller 2005) 
 
Figure 1.15  
Calibration procedure in instrumental analysis:  calibration points; test sample. 
 
 
1.1.3.9- The method of standard addition: 
In this method, equal volumes of the sample solution are taken, all but one 
are separately ‘spiked’ with known and different amounts of the analyte, and all 
are then diluted to the same volume. The instrument signals are then determined 
for all these solutions and the results plotted as shown in Figure 1.15.As usual, the 
signal is plotted on the y-axis; in this case the x-axis is graduated in terms of the 
amounts of analyte added (either as an absolute weight or as a concentration). The 
(unweighted) regression line is calculated in the normal way, but space is provided 
for it to be extrapolated to the point on the x-axis at which y = 0. This negative 
intercept on the x-axis corresponds to the amount of the analyte in the test sample. 
Inspection of the figure shows that this value is given by a/b, the ratio of the 
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intercept and the slope of the regression line. (James N. Miller &Jane C. Miller 
2005) 
 
Figure 1.16 
The method of standard addition 
 
1.1.4- Reaction Kinetics: 
1.1.4.1-  Chemical Reaction Rates : 
A study of the kinetics of a chemical reaction begins with the measurement 
of its reaction rate. Consider, for example, the general reaction shown in the 
following equation, involving the aqueous solutes A, B, C, and D, with 
stoichiometries of a, b, c, and d. 
         equ.1.9 
The rate, or velocity, at which this reaction approaches its equilibrium 
position can be determined by following the change in concentration of a reactant 
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or a product as a function of time. For example, if we monitor the concentration of 
reactant A, we express the rate as 
                                         equ.1.10 
Where R is the measured rate expressed as a change in concentration as a 
function of time. Because a reactant’s concentration decreases with time, we 
include a negative sign so that the rate has a positive value. 
The rate also can be determined by following the change in concentration 
of a product as a function of time. 
equ.1.11 
 
 
Rates determined by monitoring different species in a chemical reaction 
need not have the same value. The rate R in equation 1.10 and the rate R´in 
equation 1.11 will have the same value only if the stoichiometric coefficients of A 
and C in reaction 1.9 are the same. In general, the relationship between the rates R 
and R´is 
 
1.1.4.2-  The Rate Law: 
A rate law describes how the rate of a reaction is affected by the 
concentration of each species present in the reaction mixture. The rate law for 
reaction A5.1 takes the general form of 
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                    equ. 1.12 
Where k is the rate constant, and a, b, g, d and e are the orders of the reaction with 
respect to the species present in the reaction. 
Several important points about the rate law are shown in equation 1.12. 
First, the rate of a reaction may depend on the concentrations of both reactants and 
products, as well as the concentrations of species that do not appear in the 
reaction’s overall stoichiometry. Species E in equation 1.12, for example, may 
represent a catalyst. Second, the reaction order for a given species is not 
necessarily the same as its stoichiometry in the chemical reaction. Reaction orders 
may be positive, negative, or zero and may take integer or noninteger values. 
Finally, the overall reaction order is the sum of the individual reaction orders. 
Thus, the overall reaction order for equation 1.12 is a +b+ g+ d +e (David Harvey 
2000) 
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1.1.4.3-  Kinetic Analysis of Selected Reactions: 
In this section we review the application of kinetics to several simple 
chemical reactions, focusing on how the integrated form of the rate law can be 
used to determine reaction orders. In addition, we consider how rate laws for more 
complex systems can be determined. 
 
1.1.4.3-1. First-Order Reactions  
The simplest case is a first-order reaction in which the rate depends on the 
concentration of only one species. The best example of a first-order reaction is an 
irreversible thermal decomposition, which we can represent as 
                                           equ.1.13 
with a rate law of 
                                     equ.1.14 
The simplest way to demonstrate that a reaction is first-order in A, is to 
double the concentration of A and note the effect on the reaction’s rate. If the 
observed rate doubles, then the reaction must be first-order in A. Alternatively, we 
can derive a relationship between the [A] and time by rearranging equation 1.14 
 
and integrating. 
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equ.1.15 
Evaluating the integrals in equation 1.15, 
  equ.1.16 
and rearranging, 
 
equ.1.17 
Shows that for a first-order reaction, a plot of ln [A]t versus time is linear 
with a slope of –k and an intercept of ln [A]0. Equations 1.16 and 1.17 are known 
as integrated forms of the rate law. 
 
1.1.4.3.2- Second-Order Reactions  
The simplest overall reaction demonstrating second order behavior is 
                          equ. 1.18 
for which the rate law is 
                                       equ. 1.19 
  Proceeding in the same manner as for a first-order reaction, the integrated 
form of the rate law is derived as follows 
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Thus, for a second-order reaction, a plot of [A]t–1 versus t is linear, with a slope of 
k and an intercept of [A]0 –1. Alternatively, a reaction can be shown to be second-
order in A by observing the effect on the rate of changing the concentration of A. 
In this case, doubling the concentration of A produces a fourfold increase in the 
reaction’s rate. 
 
1.1.4.3.3- Pseudo-Order Reactions and the Method of Initial Rates  
Unfortunately, most reactions of importance in analytical chemistry do not 
follow these simple first-order and second-order rate laws.  
                                             equ. 1.20 
Demonstrating that a reaction obeys the rate law in equation 1.20 is 
complicated by the lack of a simple integrated form of the rate law. The kinetics 
can be simplified, however, by carrying out the analysis under conditions in which 
the concentrations of all species but one are so large that their concentrations are 
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effectively constant during the reaction. For example, if the concentration of B is 
selected such that [B] >> [A], then equation 1.20 simplifies to 
                                           equ. 1.21 
Where the rate constant k´is equal to k[B]. Under these conditions, the 
reaction appears to follow first-order kinetics in A and is termed a pseudo-first-
order reaction in A. Verifying the reaction order for A can then be carried out by 
either using the integrated rate law or by noting the effect on the reaction rate of 
changing the concentration of A. The process can be repeated to determine the 
reaction order for B by making [A] >> [B]. 
A variation on the use of pseudo-ordered reactions is the initial rate 
method. In this approach to determining a reaction’s rate law, a series of 
experiments is conducted in which the concentration of those species expected to 
affect the reaction’s rate are changed one at a time. The initial rate of the reaction 
is determined for each set of conditions. Comparing the reaction’s initial rate for 
two experiments in which the concentration of only a single species has been 
changed allows the reaction order for that species to be determined. (David Harvey 
2000) 
 
1.1.4.4-  variable-time method: 
In this method we measure the time required for a reaction to proceed by a 
fixed amount. In this case the analyte’s initial concentration is determined by the 
elapsed time,     t, with a higher concentration of analyte producing a smaller      t. 
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For this reason variable time integral methods are appropriate when the 
relationship between the detector’s response and the concentration of analyte is not 
linear or is unknown. In the one point variable-time integral method, the time 
needed to cause a desired change in concentration is measured from the start of the 
reaction. With the two-point variable-time integral method, the time required to 
effect a change in concentration is measured. (David Harvey 2000) 
 
1.1.4.5-  Fixed time method: 
Integral methods for analyzing kinetic data make use of the integrated form 
of the rate law. In the one-point fixed-time integral method, the concentration of 
analyte is determined at a single time. The initial concentration of analyte, [A]0, is 
calculated using equation  
 
              equ.1.22 
 
 
            equ.1.23 
Or 
 
                                             equ.1.24 
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  Depending on whether the reaction follows first-order, pseudo-first-order, 
or pseudo-zero order kinetics. The rate constant for the reaction is determined in a 
separate experiment using a standard solution of analyte. Alternatively, the 
analyte’s initial concentration can be determined using a calibration curve 
consisting of a plot of [A]t for several standard solutions of known [A]0. (David 
Harvey 2000) 
 
1.1.5- Validation of Analytical Procedures 
1.1.6- 1.1.5.1- Introduction:  
    Validation of an analytical procedure is performed in order to demonstrate 
that the procedure is suitable for its intended use. Validation is performed in order 
to show that the result(s) generated by a particular analytical procedure are reliable 
and accurate.  (B.P 2007) 
 
1.1.5.2- Specificity  
Specificity is the ability to assess unequivocally the analyte in the presence 
of components that may be expected to be present. Typically these might include 
impurities, degradants, matrix, etc. Specificity may often be expressed as the 
degree of bias of test results obtained by analysis of samples containing added 
impurities, degradation products, related chemical compounds, or placebo 
ingredients when compared to test results without added substances. Specificity is 
usually demonstrated by measuring the response of the sample matrix and any 
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expected or known species (for example excipients, impurities or degradation 
products). (B.P 2007) 
   
1.1.5.3- Linearity: 
  The linearity of an analytical procedure is its ability (within a given range) 
to obtain test results that are directly proportional to the concentration (amount) of 
analyte in the sample.  Linearity is usually expressed in terms of the variance 
around the slope of the regression line calculated according to an established 
mathematical relationship from test results obtained by the analysis of samples 
with varying concentrations of analyte.  (B.P 2007)   
  
 1.1.5.4- Accuracy:  
  The accuracy of an analytical procedure expresses the closeness of 
agreement between the value which is accepted either as a conventional true value 
or an accepted reference value and the value found. This is sometimes termed 
trueness. (B.P 2007) 
 
1.1.5.5- Precision:  
  The precision of an analytical procedure expresses the closeness of 
agreement (degree of scatter) between a series of measurements obtained from 
multiple samplings of the same homogeneous sample under prescribed conditions.  
Precision is usually expressed as the variance, standard deviation or relative 
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standard deviation (co-efficient of variation). Precision should be considered at 
different levels as follows:  
 
 1.1.5.6- Repeatability (intra-assay precision)  
  Repeatability expresses the precision under the same operating conditions 
over a short interval of time. Repeatability is also termed intra-assay precision.  
(B.P 2007)  
 
1.1.5.7- Intermediate Precision:  
Intermediate precision expresses within-laboratory variations: different 
days, different analysts or equipment, etc. (B.P 2007)  
 
1.1.5.8- Reproducibility:  
  Reproducibility expresses the precision between laboratories (collaborative 
studies, usually applied to standardisation of methodology). (B.P 2007) 
 
1.1.5.9- Limits of detection:  
The limit of detection of an analyte may be described as that concentration 
which gives an instrument signal (y) significantly different from the ‘blank’ or 
‘background’ signal. This description gives the analyst a good deal of freedom to 
decide the exact definition of the limit of detection, based on a suitable 
interpretation of the phrase ‘significantly different’. There is still no full agreement 
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between researchers, publishers, and professional and statutory bodies on this 
point. But there is an increasing trend to define the limit of detection as the analyte 
concentration giving a signal equal to the blank signal, yB, plus three standard 
deviations of the blank, sB: 
 
               Limit of detection = yB +3sB                equ.1.25 
(James N. Miller &Jane C. Miller 2005) 
 
1.1.5.10-  Quantitation Limit  
  The quantitation limit of an analytical procedure is the lowest 
concentration of analyte in a sample that can be determined with suitable precision 
and accuracy under the stated experimental conditions. (B.P 2007) 
 
 1.1.5.11- Robustness  
   The robustness of an analytical procedure is a measure of its capacity to 
remain unaffected by small but deliberate variations in method parameters and 
provides an indication of its reliability during normal usage.(B.P 2007)  
 
   1.1.5.12- Range: 
The range of an analytical method is the interval between the upper and 
lower concentration (amounts) of analyte (including these concentrations) for 
which it has been demonstrated that the analytical procedure has a suitable level of 
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precision, accuracy and linearity. For assays the range is usually not less than 80 to 
120% of the test concentration. For determination of content uniformity the range 
is usually not less than 70 to 130% of the test concentration.  For determination of 
impurities the range is usually not less than the reporting limit of the impurity to 
120% of the specification. For dissolution testing the range is usually +/- 20% over 
the expected concentrations. (B.P 2007) 
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1.2- Methods used for determination of Dopamine HCl: 
Monographs for dopamine HCl in British and United State Pharmacopeias 
(B.P 2010 and USP30 NF 25), stated the nonaqueous acid base titration as a 
procedure for the determination of dopamine HCl in bulk form, the procedure 
involves dissolving of 0.1500 g of DA HCl in 10 ml of anhydrous formic acid R. 
Add 50 ml of acetic anhydride R. Titrate with 0.1 M perchloric acid, determining 
the end-point potentiometrically.  1 ml of 0.1 M perchloric acid is equivalent to 
18.96 mg of C8H12ClNO2. 
 
1.2.1- Official Methods: 
Dopamine HCl injection is officially determined using liquid 
chromatography (B.P 2010 & USP30 NF 25).  
 
1.2.2- Reported and published methods: 
1.2.2.1- spectrophotometric methods: 
Spectrophotometric methods for the determination of certain 
catecholamine derivatives in pharmaceutical preparations; two simple, rapid and 
sensitive spectrophotometric methods for the determination of catecholamine 
derivatives (pyrocatechol, dopamine, levodopa and methyldopa) are developed. 
The first method involves the oxidation of o-dihydroxybenzene derivatives by N-
bromosuccinimide followed by oxidative coupling with isoniazid leading to the 
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formation of red-coloured products of maximum absorbance (? max480–490 nm). 
The second method is based on the formation of green to blue complex (? max 635–
660 nm) between o- dihydroxybenzene derivatives and sodium nitroprusside in the 
presence of hydroxylamine hydrochloride. All measurements of the two 
procedures are carried out in an alkaline medium at room temperature. The two 
methods are successfully applied for the determination of dopamine hydrochloride, 
levodopa and methyldopa in injections and tablets of pharmaceutical preparation. 
(P. Nagaraja a, et al 1997) 
 
Spectrophotometric Investigations of the Assay of Physiologically Active 
Catecholamines in Pharmaceutical Formulations; spectrophotometric methods are 
proposed for the determination of levodopa (LD), methyldopa (MD), dopamine 
hydrochloride (DP), and pyrocatechol (PC) in pure and pharmaceutical 
preparations. The methods are based on measurement of the absorbances of tris( o-
phenanthroline)iron(II) (method A) and tris(bipyridyl)iron(II) (method B) obtained 
by the oxidation of the catecholamines by iron(III) in the presence of 1,10-
phenanthroline and 2,2' -bipyridyl at 510 and 522 nm, respectively. The 
absorbances were found to increase linearly with increases in the concentrations of 
the catecholamines, results which were corroborated by the calculated correlation 
coefficients (0.9990-0.9996). Beer's law was valid over the concentration ranges of 
0.04-0.6, 0.06-0.75, 0.06-0.65, and 0.05-0.70 µ g/mL in method A and 0.02-1.0, 
0.04-1.3, 0.05-1.0, and 0.06-1.1 µ g/mL in method B for PC, MD, LD, and DP, 
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respectively. The common excipients and additives did not interfere in their 
determinations. The proposed methods were successfully applied to the assay of 
LD, MD, and DP in various dosage forms. The results were validated by statistical 
analysis. (Nagaralli et al 2002)  
  Spectrophotometric methods for the determination of o-dihydroxybenzene 
derivatives; methods are described for the determination of o-dihydroxybenzene 
derivatives using p-aminoacetophenone (for catechol, guaiacol, eugenol and 
dopamine), thiosemicarbazide or isoniazid in the presence of sodium 
metaperiodate. The methods are reproducible and specific for these compounds. 
The method using p-aminoacetophenone-periodate is extended to the 
determination of eugenol in clove oil and dopamine in pharmaceutical 
preparations. (Chilukuri Suryaprakasa Sastry et al 1984) 
   
  Spectrophotometric assay of dopamine hydrochloride injection using 
thiosemicarbazide.( el-Kommos ME 1987) 
 
1.2.2.2- FIA methods: 
Sensitive assay method for catecholamines in pharmaceutical samples and 
blood plasma using flow injection chemiluminescence analysis; a rapid and 
sensitive chemiluminescence (CL) method using flow injection analysis was 
described for the determination of three catecholamines: dopamine, adrenaline, 
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and dobutamine, based on their greatly enhancing effects on the CL reaction of 
luminal-potassium periodate in Basic solution. (Yu C et al 2006) 
  Flow-injection spectrophotometric determination of adrenaline and 
dopamine with sodium hydroxide . (J.J. Berzas Nevado et al 1995) 
  Flow-injection analysis of dopamine in injections with a periodate-
selective electrode(M. C. B. S. M. Montenegro et al 2000)  
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1.3- Aim &objectives: 
Although this drug absorbs in the UV range, however, a selective and 
sensitive colorimetric method may be more useful to escape possible interference 
in the UV range.  DCQ is used as a chromogen. The aim of this study is: 
1- To develop a method using very simple instrument, that’s 
affordable for the under developing countries. 
2- To apply the newly proposed spectrophotometric method to some 
proprietary drugs collected from local dispensaries. 
3- To optimize the experimental conditions presumed to be 
controlling the adopted method.   
4- To adopt a simple spectrophotometric method for determination of 
Dopamine in injectable form  
5- To study the stoichiometry of the reaction using mole- ratio 
method. 
6- To compare the advantages of the newly provided 
spectrophotometric method over official and other non official 
standard methods. 
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2.1- Materials, instruments & Methods: 
2.1.1- Materials: 
2.1.1.1- chemicals & reagents: 
 Distilled water is used all through, together with chemicals & reagents of 
analytical grade (Table 2.1).    
 
Table 2.1 (chemicals & reagents) 
Reagent Company Country 
DCQ (2,6-
dichloroquinone 4-
chlorimide) (Gibb’s 
reagent) 
Merk  KGA Germany 
Absolute ethanol 
(multisolvent)® 
Scharlau Spain 
Acetonitrile  LOBA Chemie India 
Anhydrous disodium 
hydrogen orthophosphate 
British Drug House 
(B.D.H.) 
England 
Boric Acid British Drug House 
(B.D.H.) 
England 
Orthophosphoric Acid British Drug House 
(B.D.H.) 
England 
Potassium Chloride British Drug House 
(B.D.H.) 
England 
Potassium dihydrogen 
orthophosphate 
British Drug House 
(B.D.H.) 
England 
Sodium Hydroxide British Drug House 
(B.D.H.) 
England 
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2.1.1.2- Materials: 
  Dopamine HCl working standard from C.M.S-Sudan, assay 99.83%. 
  MYOTIL injection: Sterile Dopamine HCl concentrate BP, each ml 
contains Dopamine HCl BP 40 mg, water for injection BP q.s. manufactured by 
Claris Lifesciences Limited, Batch No. A080473, Mfg. date 07-2008, Exp. Date 
06-2010, India. 
 
2.1.2- Instruments & Equipments: 
· UV-1800 Shimadzu Spectrophotometer connected to hp Laserjet 
1300 printer 
· perkin Elmer UV/VIS Spectrometer lambda 2  connected to Perkin 
Elmer Ex-800 printer 
· Balance 
· pH meter 
· water bath 
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2.2- Preparation of solutions: 
· 2, 6-dichloroquinone 4-chlorimide (DCQ) (0.12%): 
0.012 g of DCQ was weighed accurately and dissolved in 10 ml of 
absolute ethanol to produce 0.12% solution of DCQ in ethanol 
(solution C). 
· 2, 6-dichloroquinone 4-chlorimide (DCQ) (0.1%): 
0.005 g of DCQ was weighed accurately and dissolved in 5 ml of 
absolute ethanol to produce 0.1% solution of DCQ in ethanol (solution 
D). 
· 2, 6-dichloroquinone 4-chlorimide (DCQ) (0.24%): 
0.012 g of DCQ was weighed accurately and dissolved in 5 ml of 
absolute ethanol to produce 0.24% solution of DCQ in ethanol 
(solution E). 
· 2, 6-dichloroquinone 4-chlorimide (DCQ) [10-3] M 
0.0021 g of DCQ was weighed accurately and dissolved in 10 ml of 
absolute ethanol. The final concentration gained was 0.998x 10-3 M 
(solution H). 
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· Dopamine HCl RS solution (0.18 mg/ml): 
in order to have 0.18 mg/ ml concentration of dopamine HCl stock 
solution, 0.0225 g of dopamine HCl standard was weighed in electronic 
balance, dissolved in small portion of distilled water, transferred to 100 
ml volumetric flask, diluted to volume and mixed (0.225 mg/ml). 20 ml 
of this solution was transferred to 25 ml volumetric flask, diluted to 
volume and mixed (0.18 mg/ ml). (Solution A). 
· Dopamine HCl RS (0.1 mg/ ml) 
0.0125 g of dopamine HCl standard was weighed in electronic balance, 
dissolved in small portion of distilled water, transferred to 100 ml 
volumetric flask, diluted to volume and mixed (0.125 mg/ml). 20 ml of 
this solution was transferred to 25 ml volumetric flask, diluted to 
volume and mixed (0.1 mg/ml). (Solution J). 
· Dopamine HCl RS solution (0.09 mg/ ml) 
0.0225 g of dopamine HCl standard was weighed in electronic balance, 
dissolved in small portion of distilled water, transferred to 100 ml 
volumetric flask, diluted to volume and mixed (0.225 mg/ml). 10 ml of 
this solution was transferred to 25 ml volumetric flask, diluted to 
volume and mixed (0.09 mg/ml). (Solution F). 
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· Dopamine HCl stock solution (20x 10-5 M): 
2ml (80 mg DA HCl) from injection was pipetted and diluted to 52.4 
ml with distilled water (1.5267 mg/ml), 2.5 ml of this solution was 
transferred to 100 ml volumetric flask, diluted with distilled water to 
volume and then mixed (20.131x 10-5 M). (Solution I) 
· MYOTIL injection stock solution (0.18 mg/ ml) 
 To prepare 0.18 mg/ ml solution from 40 mg / ml injection, 4.5 ml 
(180 mg) from injection was pipetted and diluted to 50 ml with distilled 
water (3.6 mg/ml), another 20 ml of this solution was diluted to 40 ml 
with distilled water (1.8 mg/ml), finally 5 ml of this solution was 
transferred to 50 ml volumetric flask, diluted with distilled water to 
volume and then mixed (0.18 mg/ml). (Solution B). 
· MYOTIL injection stock solution (0.1 mg/ ml) 
To prepare 0.1 mg/ ml solution from 40 mg / ml injection, 0.5 ml (20 
mg) from injection was pipetted and diluted to 200 ml with distilled 
water (0.1 mg/ ml). (Solution K). 
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· MYOTIL injection stock solution (0.09 mg/ ml) 
To prepare 0.09 mg/ ml MYOTIL injection solution, 25 ml of solution 
B were pipette and transferred to 50 ml volumetric flask, diluted to 
volume with distilled water and mixed (0.09 mg/ ml).  (Solution G). 
 
· Phosphate buffer pH 3 
34 g of potassium dihydrogen orthophosphate was dissolved in 250 ml 
of water and the pH of the solution was adjusted to 3.0 with 
orthophosphoric acid.  (British Pharmacopeia 2007) 
· Phosphate buffer pH 7 
0.50 g of anhydrous disodium hydrogen orthophosphate and 0.301 g of 
potassium dihydrogen orthophosphate were dissolved in sufficient 
water to produce 1000 ml. (British pharmacopeia 2007) 
 
· Borate buffer pH 9 
Solution A  6.18 g of boric acid was dissolved in sufficient 0.1M 
potassium chloride to produce 1000 ml.  
Solution B  0.1M sodium hydroxide. 
1000 ml of solution A was mixed with 420 ml of solution B. (British  
pharmacopeia2007) 
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2.3- Procedures: 
2.3.1- Uv spectrum of Dopamine HCl: 
To 2 ml of stock solution A in Nesslar tube, 8 ml of distilled water were 
added. The solution was scanned against its blank in a range of 250-350 nm using 
UV-1800 Schimadzu Spectrophotometer to get the UV spectrum of dopamine 
HCl. 
 
2.3.2- scanning to identify ? max : 
To 0.5 ml of stock solution A in Nesslar tube, 2 ml of distilled water, and 1 
ml of solution C were added, allowed to stand for 60 min, and then the volume 
was completed to 10 ml by adding 6.5 ml of distilled water (the final concentration  
9 ug/ml). Reagent blank was prepared in a similar way but without including 
solution A. After completing the volume, the colored solution was scanned against 
its blank in a range of 350 nm- 650 nm using UV-1800 Schimadzu 
Spectrophotometer to select the wavelength at which the maximum absorbance 
occurred (? max). 
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2.3.3-The effect of variation of the concentration: 
0.5, 1.5, and 2.5 ml of solution A were transferred into 3 tubes, to which 2, 
1, and 0 ml of distilled water were added and 1 ml of solution C was transferred 
into each tube. The solutions in the three tubes were allowed to stand for 60 min 
then the volume was completed to 10 ml using distilled water and scanned against 
reagent blank prepared similarly, in a range of 350 nm- 650 nm. On the other hand 
0.5, 1.5, and 2.5 ml of solution A were transferred into 3 tubes, to which 2, 1, and 
0 ml of distilled water were added and 1 ml of solution C was transferred into each 
tube, then the volume was completed to 10 ml using distilled water and the 
solutions were allowed to stand for 60 min and the scanned against reagent blank 
prepared similarly, in a range of 350 nm- 650 nm. 
 
2.3.4- The effect of different solvents: 
Three solvents (distilled water, absolute ethanol and acetonitrile) were 
chosen for the study, for the first one, to 1 ml of stock solution A in Nesslar tube, 
1.5 ml of distilled water, and 1 ml of solution C were added, allowed to stand for 
60 min, and then the volume was completed to 10 ml by adding 6.5 ml of distilled 
water (the final concentration 18 ug/ml). For the second one, to 1 ml of stock 
solution A in Nesslar tube, 1.5 ml of distilled water, and 1 ml of solution C were 
added, allowed to stand for 60 min, and then the volume was completed to 10 ml 
by adding 6.5 ml of absolute ethanol (the final concentration 18 ug/ml). For the 
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third, to 1 ml of stock solution A in Nesslar tube, 1.5 ml of distilled water, and 1 
ml of solution C were added, allowed to stand for 60 min, and then the volume 
was completed to 10 ml by adding 6.5 ml of acetonitrile (the final concentration 18 
ug/ml). Reagent blanks were prepared in a similar way but without including 
solution A. After completing the volume, the colored solutions were scanned 
against their blanks in a range of 350 nm- 650 nm. 
 
2.3.5- The effect of pH : 
To any of three different tubes, 1 ml of stock solution A, 1.5 ml of distilled 
water and 1 ml of one of the buffer solutions of pH 3, 7, and 9 respectively were 
mixed, finally 1 ml of solution C was added for complex formation, then the 
volume was completed to 10 ml using distilled water and scanned against blanks 
in a range of 350 nm- 650 nm. Table 2.2 summarizes the procedure applied for the 
study. 
Table 2.2: summary of procedures applied for studying the effect of different pH. 
Procedure 
Tube No. Solutio
n A 
Distille
d water 
Solutio
n C 
Buffer 
pH 3 
Buffer 
pH 7 
Buffer 
pH 9 
Final conc. 
(ug/ml) 
1 1 ml 1.5 ml 1 ml 1 ml 0 ml 0 ml 18 
2 1 ml 1.5 ml 1 ml 0 ml 1 ml 0 ml 18 
3 1 ml 1.5 ml 1 ml 0ml 0 ml 1 ml 18 
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2.3.6- Effect of elevated temperature degree on absorbance’s spectrum and 
intensity of the color produced: 
To study the effect of applying thermal catalyst (heat) on the reaction 
between DA HCl and DCQ, two points had been used (18 and 36 ug/ml), and the 
following procedure was applied; to tube 1, 1.5 ml of distilled water, 1 ml of 
solution C, were added to 1 ml of solution B. for tube 2, to 2 ml of solution B, 0.5 
ml of distilled water, 1 ml of solution C were added, then the volumes were 
completed to 10 ml by adding 6.5 ml of distilled water, heated on water bath at 90 
° C for 5 min. In blank tube 1 ml of solution C was added to 2.5 ml of distilled 
water, then the volume was completed to 10 ml by adding 6.5 ml of distilled water, 
heated on water bath at 90 ° C for 5 min. all solutions were allowed to cool and 
then scanned against their blanks in a range of 350 nm- 650, the absorbance 
readings were measured. The same two points (18, and 36 ug/ml) were used, the 
spectra of which were established without applying heat. This procedure was 
repeated two times. 
 
2.3.7- Effect of changing the DCQ concentrations: 
2 ml of stock solution A  was transferred to three  tubes , 0.5 ml of distilled 
water, and 1 ml of solution D, C, and E respectively were added, allowed to stand 
for 60 min, and then the volume was completed to 10 ml by adding 6.5 ml of 
distilled water (the final concentration will be 36 ug/ml).  
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  Reagent blanks were prepared in a similar way but without including 
solution A. After completing the volume, the colored solutions were scanned 
against their blanks in a range of 350 nm- 650 nm, and the absorbance readings 
were measured. 
 
2.3.8- To study reaction’s time and stability of dopamine-DCQ complex: 
Eight tubes plus their blanks were taken. For tube no. one, to 1 ml of stock 
solution A, 1.5 ml of distilled water, and 1 ml of solution C were added, allowed to 
stand for 0 min, and then the volume was completed to 10 ml by adding 6.5 ml of 
distilled water (the final concentration will be 18 ug/ml). For the next seven tubes, 
the same procedure was applied and allowed to  stand for 5, 10, 15, 30, 45, 60, and 
90 min for the 2nd , 3rd , 4th , 5th , 6th , 7th , 8th tubes,  respectively. Reagent blanks 
were prepared in a similar way but without including solution A. After completing 
the volume, the colored solutions were scanned against their blanks in a range of 
350 nm- 650 nm, and their relative absorbance readings were measured. The 
procedure was repeated 2 times. 
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2.3.9-Construction of calibration curves 
Six tubes were taken in each time, and the procedure was repeated 5 times. 
Table 2.3 summarized the constituents of each of the six. All solutions were 
allowed to stand for 60 min, and then the volumes were completed to 10 ml by 
adding 6.5 ml of distilled water (the final concentrations will be 0, 9, 18, 27, 36, 
and 45ug/ml for tube blank, 1, 2, 3, 4, and 5 respectively). After completing the 
volume, the colored solutions were scanned against their blanks in a range of 350 
nm- 650 nm, and the absorbance readings at ? max 470 nm were measured. To 
obtain the calibration curves, the final concentrations were plotted against their 
absorbance readings.  
Note that; the same procedure was applied for construction of calibration 
curves using 0.1 mg/ml stock solution of dopamine HCl. 
Table 2.3 summary of procedures applied for construction of calibration curves 
Procedure  
Tube Solution A Distilled water Solution C Final conc. 
(ug/ml) 
(blank) 0 ml 2.5 ml 1 ml 0 
1 0.5 ml 2 ml 1 ml 9 
2 1 ml 1.5 ml 1 ml 18 
3 1.5 ml 1 ml 1 ml 27 
4 2 ml 0.5 ml 1 ml 36 
5 2.5 ml 0 ml 1 ml 45 
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2.3.10- Construction of sample’s (MYOTIL injection) curves:  
Six tubes were taken in each time, and the procedure was repeated 3 times. 
For tube no. 1, to 0.5 ml of stock solution B, 2 ml of distilled water, and 1 ml of 
solution C were added, allowed to stand for 60 min, and then the volume was 
completed to 10 ml by adding 6.5 ml of distilled water. Reagent blank was 
prepared in a similar way but without including solution A .Table 2.4 summarized 
the constituents of each of the six. All solutions were allowed to stand for 60 min, 
and then the volumes were completed to 10 ml by adding 6.5 ml of distilled water. 
After completing the volume, the colored solutions were scanned against their 
blank in a range of 350 nm- 650 nm, and the absorbance readings at ? max 470 nm 
were measured. The final concentrations were plotted against their absorbance 
readings to obtain the samples’ curves. 
Note that; the same procedure was applied for construction of sample’s 
curves using 0.1 mg/ml stock solution of dopamine HCl injection. 
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Table 2.4; summary of procedures applied for construction of sample’s curves 
Procedure  
Tube Solution B Distilled 
water 
Solution C Final conc. 
(ug/ml) 
(blank) 0 ml 2.5 ml 1 ml 0 
1 0.5 ml 2 ml 1 ml 9 
2 1 ml 1.5 ml 1 ml 18 
3 1.5 ml 1 ml 1 ml 27 
4 2 ml 0.5 ml 1 ml 36 
5 2.5 ml 0 ml 1 ml 45 
 
2.3.11- Construction of calibration curves of complexes at elevated 
temperature: 
Six tubes were taken in each time, and the procedure was repeated 4 times. 
For tube 1, to 0.5 ml of stock solution F, 2 ml of distilled water, and 1 ml of 
solution C were added, then the volume was completed to 10 ml by adding 6.5 ml 
of distilled water, heated on water-bath at 90 ° C for 5 min. Reagent blank was 
prepared in a similar way but without including solution F. Table 2.5 summarized 
the constituents of each of the six, the volumes were completed to 10 ml by adding 
6.5 ml of distilled, and all solutions were heated on water-bath at 90 ° C for 5 min. 
After heating they were left to cool, and the colored solutions were scanned 
against their blank in a range of 350 nm- 650 nm, and the absorbance readings at 
? max (462±4) nm were measured. The final concentrations were plotted against 
their absorbance readings to obtain the calibration curves. 
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Table 2.5 summary of procedures applied for construction of calibration curves of 
complexes at elevated temperature: 
Procedure  
Tube Solution F Distilled 
water 
Solution C Final conc. 
(ug/ml) 
(blank) 0 ml 2.5 ml 1 ml 0 
1 0.5 ml 2 ml 1 ml 4.5 
2 1 ml 1.5 ml 1 ml 9 
3 1.5 ml 1 ml 1 ml 13.5 
4 2 ml 0.5 ml 1 ml 18 
5 2.5 ml 0 ml 1 ml 22.5 
 
2.3.12- Construction of sample’s (MYOTIL injection) curves at elevated 
temperature: 
Six tubes were taken in each time, and the procedure was repeated 2 times. 
For tube 1, to 0.5 ml of stock solution G, 2 ml of distilled water, and 1 ml of 
solution C were added, then the volume was completed to 10 ml by adding 6.5 ml 
of distilled water, heated on water-bath at 90 ° C for 5 min. Reagent blank was 
prepared in a similar way but without including solution G. Table 2.6 summarized 
the constituents of each of the six, the volumes were completed to 10 ml by adding 
6.5 ml of distilled, and all solutions were heated on water-bath at 90 ° C for 5 min. 
After heating they were left to cool, and the colored solutions were scanned 
against their blank in a range of 350 nm- 650 nm, and the absorbance readings at 
? max (462±4) nm were measured. The final concentrations were plotted against 
their absorbance readings to obtain the sample’s curves.  
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Table 2.6; summary of procedures applied for construction of sample’s curves at 
elevated temperature: 
Procedure  
Tube Solution G Distilled 
water 
Solution C Final conc. 
(ug/ml) 
(blank) 0 ml 2.5 ml 1 ml 0 
1 0.5 ml 2 ml 1 ml 4.5 
2 1 ml 1.5 ml 1 ml 9 
3 1.5 ml 1 ml 1 ml 13.5 
4 2 ml 0.5 ml 1 ml 18 
5 2.5 ml 0 ml 1 ml 22.5 
 
 
2.3.13-Assay of dopamine HCl content 
Into three tubes contained 1, 2 ml of solution A and 1.5 ml of B separately, 
1.5, 0.5, and 1 ml of distilled water and 1 ml of solution C were added to each 
tube, allowed to stand for 60 min and then the volume was completed to 10 ml 
using distilled water. Reagent blank was prepared similarly but without including 
solution A or B. The colored solutions were scanned against blank in a range of 
350-650 nm, and the absorbance readings at ? max 470 nm were measured for both 
standard and sample of dopamine HCl. 
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2.3.14- Standard addition method: 
Four tubes were taken, in all there were the same concentration of sample 
and different concentration of dopamine HCl standard. For tube no. 1, to 1 ml of 
stock solution B, 1.5 ml of distilled water, and 1 ml of solution C were added, 
allowed to stand for 60 min, and then the volume was completed to 10 ml by 
adding 6.5 ml of distilled water (had 0 ml of solution A). Reagent blank was 
prepared similarly but without including solution A or B. Table 2.7 summarized 
the constituents of each of the four, all solutions were allowed to stand for 60 min, 
and then the volume was completed to 10 ml by adding 6.5 ml of distilled. After 
completing the volume, the colored solutions were scanned against their blank in a 
range of 350 nm- 650 nm, and the absorbance readings at ? max 470 nm were 
measured. Finally concentrations of the standard were plotted against the 
absorbance readings in order to get the sample’s concentration. 
Table 2.7 summary of procedure applied for standard addition method 
Procedure 
Tube Solution B Solution A Distilled 
water 
Solution C 
(blank) 0 ml 0 ml 2.5 ml 1 ml 
1 1 ml 0 ml 1.5 ml 1 ml 
2 1 ml 0.5 ml 1ml 1 ml 
3 1 ml 1 ml 0.5 ml 1 ml 
4 1 ml 1.5 ml 0 ml 1 ml 
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2.3.15- Added recovery method: 
In this experiment, we had 3 tubes; in tube no. 1, and 2 the concentration of 
sample (solution B) and standard (solution A), were the same. Tube no 3 had the 
additive concentration (volume of solution A+ volume of solution B). Table 2.8 
summarized the constituents of each of the three, all solutions were allowed to 
stand for 60 min, and then the volumes were completed to 10 ml by adding 6.5 ml 
of distilled water. After completing the volume, the colored solutions were 
scanned against their blank in a range of 350 nm- 650 nm, and the absorbance 
readings at ? max 470 nm were measured. This procedure was repeated six times. 
Table 2.8 summary of procedure applied for added recovery method 
Procedure  
Tube Solution A Solution 
B 
Distilled 
water 
Solution C Final conc. 
(ug/ml) 
(blank) 0 ml 0 ml 2.5 ml 1 ml 0 
1 1 ml 0 ml 1.5 ml 1 ml 18 
2 0 ml 1 ml 1.5 ml 1 ml 18 
3 1 ml 1 ml 0.5 ml 1 ml 36 
 
2.3.16- Mole-ratio method: 
Nine tubes were taken in this study; tubes one to nine contained 0.8, 1.0, 
1.2, 1.4, 1.6, 1.8, 2.0, 2.2, or 2.4 ml of solution I. The concentration of DCQ was 
kept constant during the experiment by adding 1.6 ml of solution H to each tube. 
Table 2.9 summarized the constituents of each of the nine plus their blank, all 
solutions were allowed to stand for 60 min, and then the volumes were completed 
to 10 ml by adding 5.9 ml of distilled water. After completing the volume, the 
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colored solutions were scanned against their blank in a range of 350 nm- 650 nm, 
and the absorbance readings at ? max 470 nm were measured. The molar ratios of 
DA/DCQ were plotted against their absorbance readings to obtain the molar ratio 
curve. 
Table 2.9 summary of procedures applied for molar ratio method 
Procedure 
Tube Solution I Distilled water Solution H Final conc. 
(M) 
(blank) 0 ml 2.5 ml 1.6 ml 0 
1 0.8 ml 1.7 ml 1.6 ml 0.16x 10-6 
2 1.0 ml 1.5 ml 1.6 ml 0.2 x 10-6 
3 1.2 ml 1.3 ml 1.6 ml 0.24 x 10-6 
4 1.4ml 1.1 ml 1.6 ml 0.28 x 10-6 
5 1.6 ml 0.9 ml 1.6 ml 0.32 x 10-6 
6 1.8 ml 0.7 ml 1.6 ml 0.36 x 10-6 
7 2.0 ml 0.5 ml 1.6 ml 0.40 x 10-6 
8 2.2 ml 0.3 ml 1.6 ml 0.44 x 10-6 
9 2.4 ml 0.1 ml 1.6 ml 0.48 x 10-6 
 
 
2.3.17- Kinetics of the reaction  
2.3.17.1- To study the reaction’s kinetic and applying variable time 
measurement,  rate-constant method, and fixed-time method, five tubes of each 
three different concentrations was taken.  The tubes contained 0.5, 1, and 1.5 
ml of standard solution A, and 2, 1.5, and 1 ml of distilled water respectively, 
each reacted with 1 ml of solution C. After completing the volume to 10 ml 
using distilled water, scanning of reaction’s product was done against their 
blanks during 40 min(at  0, 10, 20, 30, and 40 min interval) in a range of 350 
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nm- 650 nm, and the absorbance readings at ? max 470 nm were measured. 
Finally Graphs of: absorbance versus time (min) was constructed to illustrate 
the reaction’s rate dependency, log rate versus log[M]concentration for 
variable time method, log absorbance versus time(s) for rate-constant method, 
and of absorbance versus conc. [M] for fixed-time method. 
 
2.3.17.2- Fixed-concentration method: 
To apply this method, three tubes containing 0.5, 0.8, and 1.5 ml of stock 
solution A, in each the volume was completed to 2.5ml using 2, 1.7, and 1 ml of 
distilled water, respectively, and 1 ml of solution C was added. Scanning for 30 
min for tube no. 1, then a specific value of the absorbance was selected and 
absorbance of the remaining solutions was followed till reaching the preselected 
value.  
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The following results are for the experiments conducted on sections 2.3.1 
to 2.3.17.2  
3.1- Absorption spectrum of dopamine HCl(without coupling):  section 2.3.1 
Scanning of solution of Dopamine HCl (36 ug/ml) against reagent blank for 
the estimation of ? max, showed a peak at 280 nm (Ultra-Violet region) with 0.504 
absorbance reading. Figure 3.1 
 
3.2- Absorption spectrum of Dopamine-DCQ reaction’s product: section 2.3.2 
The solution of Dopamine HCl (9 ug/ml) prepared for the estimation of ? max 
of the colored complex formed through the reaction with DCQ (0.12%), showed a 
peak at 470 nm with 0.129 absorbance reading. Figure 3.2 
3.3- The effect of variation of concentration: section 2.3.3 
Three different concentrations of dopamine HCl RS were chosen, 5, 15 and 25 
µg/ml. At the first part of the experiment all dopamine HCl solutions were allowed 
to stand for 60 min after reaction with solution C; at the second part these three 
concentrations were used and their solutions were allowed to stand after 
completing the volume using distilled water. The absorbance spectra obtained (fig. 
3.3,3.4, and 3.5) showed that the reaction favors the concentrated conditions. The 
results were presented in table 3.1. 
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Table 3.1: illustrate the effect of standing time pre and post the volume 
completion. 
Final Conc. µg/ml Absorbance readings 
Standing time pre Standing time post 
5 0.075 0.037 
15 0.189 0.093 
25 0.313 0.179 
  
3.4- Effect of different solvents on the intensity of the colored product 
formed(Dopamine HCl 18 ug/ml): section 2.3.4 
Three different dopamine solutions having the same concentration (18 ug/ml) were 
scanned after reacting with DCQ (0.12%) using solvents with different dielectric 
constant (distilled water, absolute ethanol and Acetonitrile), to study the effect of 
polarity on the colored complex formed and the position of ? max on the absorption 
spectra ( Figures 3.6a, 3.6b, 3.6c, respectively). The result showed slight shift on 
the wave length and absorbance reading (color intensity). The results are 
summarized on table 3.2. 
Table 3.2: summary of the effect of using different solvents on intensity and ? max. 
No. Solvent Dielectric 
constant(20 ° C) 
? max Abs 
1 Distilled 
water 
80.10 472 nm 0.207 
470 nm 0.204 
468 nm 0.206 
2 Acetonitrile 37.5 468 nm 0.198 
466 nm 0.188 
3 Absolute 
ethanol 
24.6 470 nm 0.203 
470 nm 0.204 
468 nm 0.210 
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3.5- Effect of pH changes on the absorption spectrum of Dopamine-DCQ 
complex( Dopamine HCl 18 ug/ml): section 2.3.5 
Three buffer solutions; phosphate of pH 3 and 7, borate of pH 9, were used to 
study the pH changes on DA HCl-DCQ complex. Three different dopamine HCl 
solutions (18 ug/ml) were scanned at a range of  350-650 nm against their blanks, 
after reacting with DCQ (0.12%) and using buffer solution of pH 3, 7 and 9 for 
tubes 1, 2, and 3 respectively (fig. 3.7). Table 3.3 showed the stability of complex 
produced and blank solution. Table 3.4 showed the results of scanning and 
statistical analysis of the results. 
Table 3.3; effect of pH changes on stability of the colored product and blank 
solution. 
No. pH Value Blank Complex stability 
 
1 
 
3 
 
Clear 
blank 
 
No color developed 
 Even after standing for 1 hr. 
  
 
 
2 
 
 
7 
 
 
Colored 
 
Purple color developed immediately, and 
its intensity increased with time 
  
  
 
3 
 
9 
 
Colored 
 
Deep and stable purple color developed 
immediately. 
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Table 3.4; results of using different pH values and statistical analysis of the results. 
No. pH value ? max Abs Mean SD RSD 
(%) 
1 3      
No peak 
detected 
    
     
2 7 460 nm 0.952 0.9 0.0735 8.17 
464 nm 0.848    
3 9 462 nm 0.686    
462 nm 0.660 0.6853 0.025 3.65 
462 nm 0.710    
 
 
3.6- Effect of elevated temperature on the intensity and spectrum of the 
colored product: section 2.3.6 
Two solutions of different concentration of dopamine HCl (18 and 36 ug/ml) 
were scanned after applying thermal catalysis (heating on water bath for 5 min at 
90° C) against their blank solutions (fig. 3.8 a & b). The results were compared to 
another two solutions of the same concentrations of dopamine HCl (18 and 36 
ug/ml), standing for 60 min at room temperature (fig. 3.8 c & d), the solutions that 
were exposed to heat showed an increment on absorbance reading (Almost 
duplicated), however, the readings were somewhat imprecise due to the hardness 
of controlling the water bath’s temperature on the research laboratory. Table 3.5 
contained the results. 
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Table 3.5; summary of effect of heat on absorbance spectrum.  
Tube’s no. Conc. 
Ug/ml 
? max Abs. Mean SD 
1 18 466 nm 0.371 0.4235 + 0.074 
466 nm 0.476   
2 36 464 nm 0.706  +0.124 
466 nm 0.882 0.794  
3 18 464 nm 0.217 0.215 +0.0028 
464 nm 0.213   
4 36 468 nm 0.400 0.395 +0.0071 
468 nm 0.390   
 
 
3.7- Effect of different DCQ concentrations on the intensity of colored 
product (Dopamine HCl 36 ug/ml): section 2.3.7 
Three different concentrations of DCQ (0.1%, 0.12% and 0.24%), were used. 
The results showed that, the Absorbance  reading is low with the lowest conc.  
(0.1%), while no considerable increase in colour intensity (Abs.  reading) observed 
with the highest conc. (0.24%), indicating that 0.12%  of DCQ is the optimum 
concentration. Table 3.6 summarized the results.  
 
Table 3.6: summary of absorbance reading with different DCQ concentrations 
DCQ Conc. 
(%) 
Absorbance 
Trial 1 Trial 2 Trial 3 Mean 
0.10% 0.371 0.369 **** 0.370 
0.12% 0.402 0.396 0.408 0.402 
0.24% 0.380 0.399 0.401 0.3933 
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3.8- Dopamine-DCQ complex reaction’s time and stability (Dopamine HCl 18 
ug/ml ): section 2.3.8 
Eight solutions of the same concentration of dopamine HCl (18 ug/ml), after 
reacting with DCQ (0.12%), were scanned during 90 min against their blanks. The 
result showed almost stable color intensity (absorbance reading) between 45 to 90 
min, with a highest and reproducible reading at 60 min, therefore a reaction time 
of 60 min was chosen as an optimum time for the reaction. Table 3.7 contained the 
results. 
Table 3.7: results of reaction’s time and stability of the colored complex 
Reaction time(minute) Trial 1 
(18 ug/ml) 
Trial 2 
(18 ug/ml) 
Mean SD RSD (%) 
0 0.042 0.052 0.047 ± 0.0071 15.04 
5 0.133 0.146 0.1395 ± 0.0092 6.59 
10 0.143 0.163 0.153 ±0.014 9.24 
15 0.184 0.168 0.176 ±0.0113 6.43 
30 0.174 0.198 0.186 ±0.0169 9.12 
45 0.190 0.194 0.192 ±0.0028 1.47 
60 0.213 0.217 0.215 ±0.0028 1.32 
90 0.196 0.219 0.2075 ±0.0163 7.84 
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Figure 3.1 
UV spectrum of Dopamine HCl (36 µg ml-1) 
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Figure 3.2 
Visible spectrum of Dopamine HCl  
–DCQ colored product (9 µg ml-1) 
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Figure 3.3 
Two absorption 
volume completion
ϴϰ 
spectra of dopamine HCl RS (5 µg/ml) , the 1
, the 2nd standing post to volume completion 
 
st  standing pre to 
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Two absorption 
volume completion
 
 
 
ϴϱ 
spectra of dopamine HCl RS (15 µg/ml) , the 
, the 2nd standing post to volume completion 
 
 
1st  standing pre to 
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Two absorption 
volume completion
 
ϴϲ 
spectra of dopamine HCl RS (25 µg/ml) , the 
, the 2nd standing post to volume completion 
 
 
1st  standing pre to 
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Figure 3.6a 
Absorption spectrum of the colored product using distilled water as solvent (18 
µgml-1) 
 
 
Figure 3.6b 
Absorption spectrum of the colored product using absolute ethanol as solvent (18 
µgml-1) 
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Figure 3.6c 
Absorption spectrum of the colored product using Acetonitrile as solvent (18 
µgml-1) 
 
 
Figure 3.7a  
Absorption spectrum of the colored product at pH 3 (phosphate buffer) 
(18 µgml-1) 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϴϵ 
 
 
Figure 3.7b 
Absorption spectrum of the colored product at pH 7 (phosphate buffer) 
(18 µgml-1) 
 
 
Figure 3.7c 
Absorption spectrum of the colored product at pH 9(Borate buffer) 
(18 µgml-1) 
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Figure 3.8a 
Effect of elevated temperature degree on absorption spectrum of the colored 
product .Dopamine HCl(18 µg ml-1) 
 
 
Figure 3.8b 
Effect of elevated temperature degree on absorption spectrum of the colored 
product. Dopamine HCl (36 µg ml-1) 
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Figure 3.8c  
Absorption spectrum of the colored product at room temperature 
Dopamine HCl(18 µg ml-1) 
 
 
Figure 3.8d 
Absorption spectrum of the colored product at room temperature 
Dopamine HCl(36 µg ml-1) 
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3.9- Construction of Calibration Curves(using dopamine HCl stock solution 
0.1 mg/ml): section 2.3.9 
      Absorbance spectra of five different concentrations of Dopamine-DCQ 
complexes were established (fig. 3.9), and absorbance readings at 470 nm were 
measured against reagent blank and plotted Vs the final concentration [M], to 
construct the calibration curves. 
    The procedure was repeated three times (Table 3.8(i),(ii), &(iii)), and 3 
calibration curves were plotted in two manners; linear (intercept value # 0), and 
proportional in which the intercept equal to 0, in order to get the specific 
absorbance and molar absorbtivity(fig. 3.10, 3.11, and 3.12).  Finally the mean of 
absorbance readings was plotted against the final concentration.(fig.3.13 & 3.14 ) 
Table 3.8 results of the three procedures repeated for construction of 
calibration curves: 
(i) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 5 0.0005 2.64 X10 -5 0.092 
2 10 0.001 5.27  X 10 -5 0.155 
3 15 0.0015 7.91  X 10 -5 0.211 
4 20 0.002 10.55 X 10 -5 0.267 
5 25 0.0025 13.19 X 10 -5 0.332 
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 (ii) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 5 0.0005 2.64 X10 -5 0.079 
2 10 0.001 5.27  X 10 -5 0.131 
3 15 0.0015 7.91  X 10 -5 0.198 
4 20 0.002 10.55 X 10 -5 0.254 
5 25 0.0025 13.19 X 10 -5 0.347 
 
(iii) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 5 0.0005 2.64 X10 -5 0.098 
2 10 0.001 5.27  X 10 -5 0.167 
3 15 0.0015 7.91  X 10 -5 0.220 
4 20 0.002 10.55 X 10 -5 0.286 
5 25 0.0025 13.19 X 10 -5 0.347 
 
3.10- Statistical analysis of calibration curves(dopamine HCl stock solution 
0.1 mg/ml):  
Statistical analysis for data was done. Mean of the absorbance readings, the 
standard deviation from the mean and the relative standard deviation were 
calculated and written on (table 3.9).  
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Table 3.9 statistical analysis of calibration curves 
 
 
3.11- Construction of Sample (inj.) curves: section 2.3.10 
Table 3.10 contained the results obtained from scanning of five different 
concentrations of dopamine HCl sample (5-25 µg ml-1) and its statistical analysis. 
Figure 3.15 showed the absorbance spectra obtained. The final concentrations 
were plotted against the absorbance readings at 470 nm to get the sample’s curve. 
This procedure was repeated three times for reproducibility issue (Fig. 3.16 & 
3.17). 
 
Sample 
No. 
Conc. 
Ug/ml 
Conc. % Conc. M Absorbance 
Abs Mean SD RSD 
(%) 
1-1  
 
5 
 
 
0.0005 
2.64 X10 -5 0.092 0.08967 ±0.0097 10.83 
1-2 0.079 
1-3 0.098 
2-1  
 
10 
 
 
0.0010 
5.27  X 10 -5 0.155 0.151 ±0.0183 12.14 
2-2 0.131 
2-3 0.167 
3-1  
 
15 
 
 
0.0015 
7.91 X 10 -5 0.211 0.20967 ±0.011 5.28 
3-2 0.198 
3-3 0.220 
4-1  
 
20 
 
 
0.002 
10.55 X 10 -5 0.267 0.269 ±0.016 5.98 
4-2 0.254 
4-3 0.286 
5-1  
 
25 
 
 
0.0025 
13.19 X 10 -5 0.332 0.342 ±0.0087 2.53 
5-2 0.347 
5-3 0.347 
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Table 3.10 results of the three procedures repeated for construction of sample’s 
curves and statistical analysis of the results. 
Sample 
No. 
Conc. 
Ug/ml 
Conc. % Conc. M Absorbance 
Abs Mean SD RSD 
(%) 
1-1  
 
5 
 
 
0.0005 
2.64 X10 -5 0.082 0.08033 
 
 
 
±0.00379 4.71 
1-2 0.083 
1-3 0.076 
2-1  
 
10 
 
 
0.0010 
5.27  X 10 -5 0.136 0.13333 ±0.00306 2.29 
2-2 0.134 
2-3 0.130 
3-1  
 
15 
 
 
0.0015 
7.91  X 10 -5 0.201 0.19233 ±0.00757 3.94 
3-2 0.187 
3-3 0.189 
4-1  
 
20 
 
 
0.002 
10.55 X 10 -5 0.257 0.287 ±0.02598 9.05 
4-2 0.302 
4-3 0.302 
5-1  
 
25 
 
 
0.0025 
13.19 X 10 -5 0.317 0.33266 ±0.01358 4.08 
5-2 0.340 
5-3 0.341 
 
 
3.12- Construction of Calibration Curves( 9-45 µg ml-1): section 2.3.9 
In order to obtain a calibration curve, absorbance reading at 470 nm of five 
different Dopamine-DCQ complexes were measured against blank and plotted Vs 
the final concentration. 
This procedure was repeated 5 times (Table 3.11(i),(ii),(iii),(iv) &(v)), and 5 
calibration curves were constructed in two manners; linear (intercept value # 0), 
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and proportional in which the intercept equal to 0, in order to get the specific 
absorbance and molar absorbtivity(fig. 3.18, 3.19, 3.20, 3.21, and 3.22).  Finally 
the mean of absorbance readings was plotted against the final 
concentration.(fig.3.23) 
Table 3.11 results of the fifth procedures repeated for construction of calibration 
curves: 
(i) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.119 
2 18 0.0018 9.49  X 10 -5 0.201 
3 27 0.0027 14.2  X 10 -5 0.307 
4 36 0.0036 18.99 X 10 -5 0.395 
5 45 0.0045 23.7 X 10 -5 0.486 
 
(ii) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.127 
2 18 0.0018 9.49  X 10 -5 0.225 
3 27 0.0027 14.2  X 10 -5 0.304 
4 36 0.0036 18.99 X 10 -5 0.408 
5 45 0.0045 23.7 X 10 -5 0.521 
 
(iii) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.122 
2 18 0.0018 9.49  X 10 -5 0.204 
3 27 0.0027 14.2  X 10 -5 0.299 
4 36 0.0036 18.99 X 10 -5 0.405 
5 45 0.0045 23.7 X 10 -5 0.515 
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(iv) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.119 
2 18 0.0018 9.49  X 10 -5 0.210 
3 27 0.0027 14.2  X 10 -5 0.302 
4 36 0.0036 18.99 X 10 -5 0.399 
5 45 0.0045 23.7 X 10 -5 0.475 
 
(v) 
Sample No. Conc. ug/ml Conc. % (w/v) Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.122 
2 18 0.0018 9.49  X 10 -5 0.200 
3 27 0.0027 14.2  X 10 -5 0.303 
4 36 0.0036 18.99 X 10 -5 0.391 
5 45 0.0045 23.7 X 10 -5 0.482 
 
3.13-  Statistical analysis of calibration curves: 
To know how precise this method is, statistical analysis for data was done. 
Mean of the absorbance readings, the standard deviation from the mean and the 
relative standard deviation were calculated and written on (table 3.12). Tables 3.13 
& 3.14 contained the statistical data analysis for molar absorbtivity and specific 
absorbance obtained from calibration curves. 
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Table 3.12 statistical analysis of Calibration curves: 
Sample 
No. 
Conc. 
Ug/ml 
Conc. 
% 
Conc. M Absorbance 
Abs Mean SD RSD (%) 
1-1  
 
9 
 
 
0.0009 
 
 
4.75X10 -5 
0.119  
 
0.1218 
 
 
0.00327 
 
 
2.69 
1-2 0.127 
1-3 0.122 
1-4 0.119 
1-5 0.122 
2-1  
 
18 
 
 
0.0018 
 
 
9.49 X 10 -5 
0.201  
 
0.208 
 
 
0.0103 
 
 
4.94 
2-2 0.225 
2-3 0.204 
2-4 0.210 
2-5 0.200 
3-1  
 
27 
 
 
0.0027 
 
 
14.2 X 10 -5 
0.307  
 
0.303 
 
 
0.00292 
 
 
0.96 
3-2 0.304 
3-3 0.299 
3-4 0.302 
3-5 0.303 
4-1  
 
36 
 
 
0.0036 
 
 
18.99 X 10 -5 
0.395  
 
0.3996 
 
 
0.00699 
 
 
1.75 
4-2 0.408 
4-3 0.405 
4-4 0.399 
4-5 0.391 
5-1  
 
45 
 
 
0.0045 
 
 
23.7 X 10 -5 
0.486  
 
0.4958 
 
 
0.0208 
 
 
4.19 
5-2 0.521 
5-3 0.515 
5-4 0.475 
5-5 0.482 
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Table 3.13: Molar absorptivity, specific absorbance and correlation coefficient of 
calibration curves (linear): 
 Calibration curves Mean SD RSD 
(%) i ii iii iv V 
? (slope) 1957 2048 2082 1900 1921 1981.6 79.73 4.02 
A1% 1cm 103.1 107.8 109.6 100.1 101.2 104.36 4.15 3.98 
R2 0.998 0.996 0.996 0.998 0.998 0.9972 0.001 0.11 
Intercept 0.023 0.025 0.012 0.030 0.026 0.0232 0.0068 29.14 
 
Table 3.14: Molar absorptivity, specific absorbance and correlation coefficient of 
calibration curves (proportional): 
 Calibration curves Mean SD RSD 
(%) i ii iii iv V 
? (slope) 2090 2195 2155 2076 2072 2117.6 54.68 2.58 
A1% 1cm 110.1 115.6 113.5 109.4 109.1 111.54 2.87 2.57 
R2 0.993 0.99 0.995 0.988 0.991 0.9914 0.0027 0.27 
Intercept 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
· Regression equation of Molar calibration curve: 
y = 1981.6x+ 0.0232                                      equ. 3.1                   
With: R = 0.998 
Mathematically: 
Slope = Molar absorptivity (? ) = 1981.6± 79.73L mol-1 cm-1 
· Regression equation of conc.% curve: 
y = 104.36x+ 0.0232                                    equ. 3.2 
With: R = 0.998 
Mathematically: 
Slope = Specific absorbance (A1%1cm) = 104.36± 4.15 dL gm-1 cm-1 
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3.14- Construction of Sample (inj.) curves  (9 to 45 µg ml-1): section 2.3.10 
Table 3.15((i), (ii), & (iii)) contained the results obtained from scanning at 
470nm of five different concentrations of dopamine HCl sample. The final 
concentrations were plotted against the absorbance readings to get the sample’s 
curve (Fig. 3.24). This procedure was repeated three times for reproducibility issue  
Table 3.15 results of the three procedures repeated for construction of sample’s 
curves 
   (i) 
Sample 
No. 
Conc. 
ug/ml 
Conc. % 
(w/v) 
Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.122 
2 18 0.0018 9.49  X 10 -5 0.203 
3 27 0.0027 14.2  X 10 -5 0.297 
4 36 0.0036 18.99 X10 -5 0.393 
5 45 0.0045 23.7 X 10 -5 0.493 
 
(ii) 
Sample 
No. 
Conc. 
ug/ml 
Conc. % 
(w/v) 
Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.123 
2 18 0.0018 9.49  X 10 -5 0.200 
3 27 0.0027 14.2  X 10 -5 0.300 
4 36 0.0036 18.99 X10 -5 0.400 
5 45 0.0045 23.7 X 10 -5 0.512 
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 (iii) 
Sample 
No. 
Conc. 
ug/ml 
Conc. % 
(w/v) 
Conc.  M Absorbance 
1 9 0.0009 4.75 X10 -5 0.123 
2 18 0.0018 9.49  X 10 -5 0.213 
3 27 0.0027 14.2  X 10 -5 0.302 
4 36 0.0036 18.99 X10 -5 0.390 
5 45 0.0045 23.7 X 10 -5 0.482 
 
3.15-  statistical analysis of sample curves: 
Mean of absorbance readings of sample’s solutions, standard deviation and 
relative standard deviation parameters were calculated and summarized on (table 
3.16) 
Table 3.16 calculated mean, SD, and RSD (%) of sample’s curves. 
Sample 
No. 
Conc. 
Ug/ml 
Conc. % Conc. M Absorbance 
Abs Mean SD RSD (%) 
1-1  
 
9 
 
 
0.0009 
4.75 X10-5 0.122  
0.1227 
 
0.00058 
 
0.47 1-2 0.123 
1-3 0.123 
2-1  
 
18 
 
 
0.0018 
9.49 X10-5 0.203  
0.2053 
 
0.0068 
 
 
3.32 
 
2-2 0.200 
2-3 0.213 
3-1  
 
27 
 
 
0.0027 
14.2 X10-5 0.297  
0.2997 
 
 
0.0025 
 
 
0.84 
 
3-2 0.300 
3-3 0.302 
4-1  
 
36 
 
 
0.0036 
18.99X10-5 0.393  
0.3943 
 
 
0.0051 
 
1.30 
 
4-2 0.400 
4-3 0.390 
5-1  
 
45 
 
 
0.0045 
23.7X 10-5 0.493  
0.4957 
 
 
0.0152 
 
 
3.06 
 
5-2 0.512 
5-3 0.482 
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· Regression equation of Molar curve: 
y = 1972.6 x+ 0.023          equ.3.3 
With: 
R = 0.999 
Theoretically: 
Slope = Molar absorptivity (? ) = 1972.6 L mol-1 cm-1 
· Regression equation of conc.% curve: 
y = 103.8x + 0.023                 equ. 3.4 
R =0.999 
Theoretically: 
Slope = Specific absorbance (A1%1cm) = 103.8 dL gm-1 cm-1 
 
 
3.16- Construction of calibration curves(4.5 to 22.5 µg ml-1): section 2.3.11 
In order to construct a calibration curve of dopamine HCl standard between 
4.5 to 22.5 µg ml-1, absorbance reading at 470 nm of different Dopamine-DCQ 
complexes were measured against its blank after heating on water bath for 5 min at 
90° C. 
   This procedure was repeated 4 times (table 3.17), and 4 calibration curves were 
established in two manners; linear (intercept value # 0), and proportional in which 
the intercept equal 0, in order to get the specific absorbance and molar absorbtivity 
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(fig. 3.25, 3.26, 3.27, and 3.28).  Finally the mean of the absorbance readings was 
plotted against the final concentration. (fig.3.29) 
Table 3.17: results of the four procedures repeated for construction of calibration 
curves 
Sample No. Conc. 
ug/ml 
Conc. % 
(w/v) 
Conc.  M Absorbance 
Trial1 Trial2 Trial3 Trial4 
1 4.5 0.00045 2.37X10 -5 0.108 0.075 0.125 0.109 
2 9 0.0009 4.75 X 10 -5 0.214 0.186 0.206 0.215 
3 13.5 0.00135 7.12 X10 -5 0.310 0.279 0.307 0.283 
4 18 0.0018 9.49 X10 -5 0.433 0.374 0.392 0.387 
5 22.5 0.00225 11.87X10 -5 0.553 0.468 0.476 0.460 
 
3.17- Statistical analysis of calibration curves(at elevated temperature): 
Statistical analysis of data was done, in order to know the precision of this 
method. Mean of the absorbance readings, standard deviation from the mean and 
relative standard deviation were calculated and written on (table 3.18). Tables 3.19 
& 3.20 contained the statistical data analysis for molar absorbtivity and specific 
absorbance obtained from calibration curves. 
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Table 3.18: calculated mean, SD, and RSD (%) of calibration curves 
Sample 
No. 
Conc. 
Ug/ml 
Conc. % Conc. M Absorbance 
Abs Mean SD RSD 
(%) 
1-1 4.5 
 
0.00045 2.37X10-5 0.108  
 
0.10425 
 
 
0.021 
20.14 
1-2 0.075 
1-3 0.125 
1-4 0.109 
2-1 9 
 
0.0009 4.75 X 10-5 0.214  
 
0.20525 
 
 
0.0135 
6.55 
2-2 0.186 
2-3 0.206 
2-4 0.215 
3-1 13.5 
 
0.00135 7.12 X 10-5 0.310  
 
0.29475 
 
 
0.016 
5.43 
3-2 0.279 
3-3 0.307 
3-4 0.283 
4-1 18 0.0018 9.49 X10-5 0.433  
 
0.3965 
 
 
0.025 
6.43 
4-2 0.374 
4-3 0.392 
4-4 0.387 
5-1 22.5 0.00225 11.87 X10-5 0.553  
 
0.48925 
 
 
0.043 
8.79 
5-2 0.468 
5-3 0.476 
5-4 0.460 
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Table 3.19: Molar absorptivity, specific absorbance and correlation coefficient of 
calibration curves (linear) 
 Calibration curves Mean SD RSD 
(%) i ii iii iv 
? (slope) 4817 4228 3851 3776 4168 475.73 11.4 
A1% 1cm 254.2 223.1 203.2 199.2 219.925 25.13 11.4 
R2 0.984 0.983 0.981 0.971 0.97975 0.006 0.61 
Intercept -0.0009 -0.015 0.035 0.029 0.012 0.024 198.7 
 
Table 3.20: Molar absorptivity, specific absorbance and correlation coefficient of 
calibration curves (proportional): 
 Calibration curves Mean SD RSD 
(%) i ii iii iv 
? (slope) 4707 4041 4267 4130 4286.25 295.5 6.89 
A1% 1cm 248.3 213.1 225.1 217.9  226.1 15.6 6.89 
R2 0.983 0.981 0.967 0.961  0.973 0.011 1.10 
Intercept 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 
· Regression equation of Molar calibration curve: 
y = 4168x+ 0.012                                      equ. 3.5                  
With: R2 = 0.97975 
Mathematically: 
Slope = Molar absorptivity (? ) = 4168± 475.73 L mol-1 cm-1 
· Regression equation of conc.% curve: 
y = 219.925x+ 0.012                                    equ. 3.6 
With: R2 = 0.97975 
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Mathematically: 
Slope = Specific absorbance (A1%1cm) = 219.925± 25.13 dL gm-1 cm-1 
 
3.18- Construction  and statistical analysis of Sample curves(4.5 to 22.5 µg 
ml-1): section 2.3.12 
Table 3.21 contained the results obtained from scanning at 470nm of five 
different concentrations of dopamine HCl sample after heating on water bath for 5 
min at 90° C, and its statistical analysis. The final concentrations were plotted 
against the absorbance readings to get the sample’s curve. The procedure was 
repeated two times for reproducibility issue (Fig. 3.30) 
 
Table 3.21; the results of two procedures repeated for construction of sample’s 
curve plus its statistical analysis. 
  
 
 
 
Sample 
No. 
Conc. 
ug/ml 
Conc. 
% 
(w/v) 
Conc. 
M 
Absorbance Mean SD RSD 
(%) 
Trial1 Trial2 
1 4.5 0.00045 2.37X10 -5 0.112 0.113 0.1125 0.0007 0.63 
2 9 0.0009 4.75 X10 -5 0.214 0.232 0.223 0.0127 5.71 
3 13.5 0.00135 7.12 X10 -5 0.325 0.296 0.3105 0.0205 6.60 
4 18 0.0018 9.49 X10 -5 0.404 0.428 0.416 0.0169 4.08 
5 22.5 0.00225 11.87X10 -5 0.488 0.504 0.496 0.0113 2.28 
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Regression equation of Molar curve: 
y = 4150 x+ 0.024           equ.3.7 
With: 
R2 = 0.974 
Theoretically: 
Slope = Molar absorptivity (? ) = 4150 L mol-1 cm-1 
· Regression equation of conc.% curve: 
y = 219x + 0.024                equ. 3.8 
R2=0.974 
Theoretically: 
Slope = Specific absorbance (A1%1cm) = 219 dL gm-1 cm-1 
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 Figure 3.9a 
Absorption spectrum of standard dopamine 
 
 
Figure 3.9b 
Absorption spectrum of standard dopamine 
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 Figure 3.9c 
Absorption spectrum of standard dopamine 
 
Figure 3.9d 
Absorption spectrum of standard dopamine 
ϭϬϵ 
HCl (15 µg ml-1)
HCl (20 µg ml-1)
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 Figure 3.9e 
 Absorption spectrum of standard dopamine 
 
 
Figure 3.10 
Calibration curve for dopamine 
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Figure 3.11 
Calibration curve for dopamine HCl standard (2.64 to 13.19) x10-5 M 
 Trial 2 
 
 
Figure 3.12 
Calibration curve for dopamine HCl standard (2.64 to 13.19) x10-5 M 
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Figure 3.13 
Calibration curve for dopamine HCl standard 0.0005 to 0.0025 % w/v (5-25 µgml-
1)- Mean of absorbance readings. 
 
 
Figure 3.14 
Calibration curve for dopamine HCl standard (2.64 to 13.19) x10-5 M- Mean of 
absorbance readings 
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 Figure 3.15a 
Absorption spectrum of dopamine 
 
 
Figure 3.15b 
Absorption spectrum of dopamine 
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 Figure 3.15c 
Absorption spectrum of dopamine 
 
Figure 3.15d 
Absorption spectrum of dopamine 
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Figure 3.15e 
Absorption spectrum of dopamine 
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Figure 3.16 
Sample curve for dopamine HCl  (2.64 to 13.19) x10-5 M -mean of absorbance 
readings 
 
 
 
Figure 3.17 
Sample curve for dopamine HCl  (0.0005-0.0025)%- Mean of absorbance readings 
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Figure 3.18a 
Calibration curve for dopamine HCl RS (0.0009-0.0045) % 
 
 
 
 
 
Figure 3.18b 
Calibration curve for dopamine HCl (4.75 to 23.70) x10-5 M 
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Figure 3.19a 
Calibration curve for dopamine HCl  (0.0009-0.0045)% 
 
 
 
 
 
Figure 3.19b 
Calibration curve for dopamine HCl  (4.75to 23.70) x10-5 M 
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Figure 3.20a 
Calibration curve for dopamine HCl (0.0009-0.0045)% 
 
 
 
Figure 3.20b 
Calibration curve for dopamine HCl (4.75 to 23.70) x10-5 M 
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Figure 3.21a 
Calibration curve for dopamine HCl  (0.0009-0.0045)% 
 
 
 
Figure 3.21b 
Calibration curve for dopamine HCl (4.75 to 23.70) x10-5 M 
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Figure 3.22a 
Calibration curve for dopamine HCl (0.0009-0.0045)% 
 
 
 
Figure 3.22b 
Calibration curve for dopamine HCl (4.75 to 23.70) x10-5 M 
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Figure 3.23a 
Calibration curve for dopamine HCl (0.0009-0.0045) %- Mean 
 
 
 
Figure 3.23b 
Calibration curve for dopamine HCl (4.75 to 23.70) x10-5 M- Mean  
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Figure 3.24a 
Sample curve for dopamine HCl (0.0009 to 0.0045) %- Mean  
 
 
 
 
Figure 3.24b 
Sample curve for dopamine HCl (4.75 to 23.70)x10-5 M- Mean  
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Figure 3.25a 
Calibration curve for dopamine HCl (2.37 to 11.87)x10-5 M  
 
 
 
Figure 3.25b 
Calibration curve for dopamine HCl (0.00045 to 0.00225)% w/v  
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Figure 3.26a 
Calibration curve for dopamine HCl (2.37 to 11.87)x10-5 M  
 
 
 
 
 
Figure 3.26b 
Calibration curve for dopamine HCl (0.00045 to 0.00225) % w/v  
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Figure 3.27a 
Calibration curve for dopamine HCl (2.37 to 11.87) x10-5 M  
 
 
 
Figure 3.27b 
Calibration curve for dopamine HCl (0.00045 to 0.00225) % w/v  
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Figure 3.28a 
Calibration curve for dopamine HCl (2.37 to 11.87) x10-5 M  
 
 
 
 
Figure 3.28b 
Calibration curve for dopamine HCl (0.00045 to 0.00225) % w/v  
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Figure 3.29a 
Calibration curve for dopamine HCl (2.37 to 11.87) x10-5 M -Mean 
 
 
 
Figure 3.29b 
Calibration curve for dopamine HCl (0.00045 to 0.00225) % w/v -Mean 
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Figure 3.30a 
Sample curve for dopamine HCl (0.00045 to 0.00225) % w/v -Mean 
 
 
 
Figure 3.30b 
Sample curve for dopamine HCl (2.37 to 11.87) x10-5 M -Mean 
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3.19- Assay of  Dopamine HCl content on MYOTIL injection: section 2.3.13 
3.19.1- double point standardization method:  
using dopamine HCl RS concentrations of 36 and 18 µg/ml, and applying 
the following formula, as the intercept value not equal to zero 
 
                   Ctest= (Atest-Astd1)(Cstd1-Cstd2)+ Cstd1(Astd1-Astd2)         Formula 3.1 
                                                   Astd1-Astd2 
Where; Atest , Astd1, Astd2 are the absorbance of the  sample, standard1, and 
standard 2 respectively. and the subscripts std1 and std2 refer to the more 
concentrated standard and less concentrated standard respectively. 
 
Table 3.22; the results of assay of MYOTIL injection. 
Sample No. Conc. 
µg/ml 
absorbance Content % Mean 
of % 
Mean ±SD RSD (%) 
Myotil inj. 
Trial 1 
27 0.297 97.63 98.56 98.56±0.8% 0.98 
Myotil 
inj.Trial2 
27 0.300 98.68 
Myotil 
inj.Trial3 
27 0.302 99.37 
Std1 36 0.3996 
Std2 18 0.208 
 
          Ctest1= (0.297-0.3996)(36-18)+ 36(0.3996-0.208)          = 26.36= 97.63% 
                                          0.3996-0.208 
          Ctest2= (0.300-0.3996)(36-18)+ 36(0.3996-0.208)          = 26.64= 98.68% 
                                          0.3996-0.208 
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          Ctest3= (0.302-0.3996)(36-18)+ 36(0.3996-0.208)           = 26.83= 99.37% 
                                          0.3996-0.208 
 
3.19.2- using the molar absorptivity and specific absorbance: 
from standard’s calibration curve and sample’s curve (fig. 3.31 and 3.32). The 
following formulas were used; 
 
       ? Sm      X 100       formula 3.2                   A1% 1cmSm   X 100     formula 3.3  
            ? STD                               A1% 1cmSTD 
Where; 
? Sm, ? STD : are the molar absorptivities of the sample and standard, 
respectively. 
 A1% 1cmSm, A1% 1cmSTD: are the specific absorbance of sample and standard, 
respectively. 
From (Fig. 3.31and 3.32), and using formulas 3.2 and 3.3 
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 Figure 3.31a 
Calculating the content % using molar absorptivity 
Trial 1 
 ? Sm      X 100     =             1966 X 100 =    99.19% 
        ? STD                                1982                                               
 
Figure 3.31b 
Calculating the content % using molar absorptivity 
Trial 2 
  ? Sm      X 100     =   2063 X 100 =    104.09% 
        ? STD                   1982                                                  
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Figure 3.31c 
Calculating the content % using molar absorptivity 
Trial 3 
 
  ? Sm      X 100     =   1888 X 100 =    95.26% 
        ? STD                   1982       
Assay result= 99.5 ±4.4 %                                        
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Figure 3.32a 
Calculating the content % using specific absorbance (A1%1cm) 
Trial 1 
A1% 1cmSm   X 100   = 103.5 X 100 =   99.14 % 
A1% 1cmSTD                            104.4 
 
Figure 3.32b 
Calculating the content % using specific absorbance (A1%1cm) 
Trial 2 
A1% 1cmSm   X 100   = 108.6 X 100 =   4.02 % 
A1% 1cmSTD                            104.4 
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Figure 3.32c 
Calculating the content % using specific absorbance (A1%1cm) 
Trial 3 
 
A1% 1cmSm   X 100   = 99.44 X 100 =   95.25 % 
A1% 1cmSTD                            104.4 
Assay result= 99.47±4.4% 
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3.20- Repeatability of the results : 
To check for one of the validation parameters, repeatability,five samples of 
each 9,  27, and 36 µg/ml of standard dopamine HCl were prepared and scanned -
within one day- against reagent blank after reacting with DCQ in the range of 350-
650 nm and the absorbance readings at 470 nm were represented on table 3.23. 
 
Table 3.23; the results of five replicate for 9, 27, and 36 µg/ml concentrations for 
repeatability study 
Conc. 
µg/ml 
Absorbance reading Mean Mean ±SD RSD 
% Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 
9 0.119 0.127 0.122 0.119 0.122 0.1218 0.1218± 3.3x10-3 2.69 
27 0.307 0.304 0.299 0.302 0.303 0.303 0.303±2.9x10-3 0.96 
36 0.395 0.408 0.405 0.399 0.391 0.3996 0.3996±6.99x10-3 1.75 
(n=5) 
The results showed a minimal SD obtained for 3 different concentrations 
indicating the good repeatability of the proposed method. 
 
3.21- The  Matrix effect  
Matrix refers to a component on the sample other than the analyte, presence of 
such substance can has effect on both; the suitability of method to be used for 
assay and on quality of results obtained. This effect is called Matrix effect and the 
two main approaches used for studying it, were applied here; 
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3.21.1- Standard Addition Method: section 2.3.14 
Fixed concentration of the sample (18 ug/ml) plus 4 different concentration of 
the standard (0, 9, 18, 27 ug/ml) were scanned and the absorbance readings were 
plotted against the concentration of the standard, extrapolation of the point (0, y) 
will give the sample’s concentration on the x-axis (Fig. 3.33).the results written on 
Table 3.24. 
 
Table 3.24: results obtained by applying the Standard addition method. 
Sample No. Sample Conc. 
Ug/ml 
Standard Conc. 
Ug/ml 
Abs 
1 18 0 0.203 
2 18 9 0.318 
3 18 18 0.428 
4 18 27 0.517 
 
R=0.998, A=0.2087, B=0.0117 
 Actual sample concentration= A/B= 17.84 µg/ml 
Recovery % = 99.09% 
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             Figure 3.33 
             Standard addition method curve 
 
 
3.21.2- Added Recovery Method: section 2.3.15 
Two points of the same concentration of the standard and sample (18 ug/ ml) 
were scanned separately against their blanks and a third point of a mixture of the 
standard and the sample (36ug/ml) was scanned too. The absorbance of the 
mixture was the additive of the absorbance of each standard and sample alone, 
indicating the absence of Matrix effect. Table 3.25 summarizes the results. 
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Table 3.25 summary of added recovery results, result’s mean, the standard 
deviation, and the recovery %. 
Procedure 
No. 
1 2 3 4 5 6 Mean 
(Abs.) 
SD Recovery % 
(A-C/B) 
Standard’s  
Abs.(C) 
0.202 0.209 0.207 0.196 0.208 0.200 0.2037 ±0.0052  
 
99.67% Sample’s 
Abs.(B) 
0.220 0.210 0.214 0.216 0.226 0.225 0.2185 ±0.0063 
Mixture’s 
Abs. (A) 
0.426 0.420 0.425 0.410 0.426 0.422 0.4215 ±0.0061 
 
 
3.22- Molar Ratio Method: section 2.3.16 
 In order to study the stoichiometry of the reaction and relate how many 
moles of the reactants consumed for Dopamine-DCQ complex formation, molar 
ratio method was conducted. In this experiment a concentration of (20.131X10-5) 
M, (0.998X10-3) M from dopamine HCl and DCQ respectively, were used and the 
absorbance readings were plotted against the molar ratio of DA HCl/ DCQ. The 
graph showed a straight line up to a point where no increment of absorbance 
reading was observed upon increment in dopamine concentration, this point 
indicate how many mole of dopamine react with 1 mole DCQ (fig. 3.34) . The 
molar ratio was found to be 1/4. The readings were contained on Table 3.26 
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Table 3.26; results of Molar ratio experiment. 
No. Ml  of Dopamine 
HCl 
(20.131X10-5) M 
Ml of DCQ 
(0.998X10-3) M 
Molar ratio 
DA HCl/DCQ 
Abs. 
1 0.8 1.6 0.1 0.069 
2 1.0 1.6 0.125 0.093 
3 1.2 1.6 0.15 0.110 
4 1.4 1.6 0.175 0.121 
5 1.6 1.6 0.2 0.130 
6 1.8 1.6 0.225 0.143 
7 2.0 1.6 0.25 0.165 
8 2.2 1.6 0.275 0.165 
9 2.4 1.6 0.3 0.169 
 
 
 
Figure 3.34 
Molar ratio curve (fixed DCQ concentration) 
showing 1 to 4 ratio (Dop.HCl / DCQ) 
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3.23- Limit of Detection: 
Limit of detection has been calculated statistically (table 3.27) using equation 
3.9. It was found to be 2.5µg/ml. 
 
Table 3.27; statistical calculation of the limit of dectection. 
 
· Regression equation of conc.% curve: 
yˆi   = 104.36 xi + 0.0232 
· With: R2 = 0.997 
· Mathematically: 
· Slope = Specific absorbance (A1%1cm) = 104.36 dL gm-1 cm-1 
· Limit of Detection=yB+3SB                  equ. 3.9 
Where yB=a,    and SB=s y/x 
S y/x=   ?  (yi-yˆi)2           =     2.268x10-4             =        7.559X10-5   =  
            v               n-2                       v                     3                                v  
  
Sample 
No. 
Conc. 
µg/ml 
Conc. M Conc.% 
xi 
Abs. 
yi 
yˆi yi-yˆi (yi-yˆi)2 
1 5 2.64x10-5 0.0005 0.08967 0.07538 0.01429 2.042041x10-4 
2 18 9.49  X 10 -5 0.0018 0.208 0.211048 -3.048x10-3 0.09290304x10-4 
3 27 14.2  X 10 -5 0.0027 0.303 0.304972 -1.972x10-3 0.03888784x10-4 
4 36 18.99 X 10 -5 0.0036 0.3996 0.398896 0.704x10-3 0.00495616x10-4 
5 45 23.7 X 10 -5 0.0045 0.4958 0.49282 2.98x10-3 0.088804x10-4 
? (yi-yˆi)2 =2.268x10-4 
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S y/x= SB =0.0087                          yB=a=0.0232 
By utilizing equ.3.9 
The Value of y at the Limit of Detection= 0.0232+3X0.0087 =0.0493 
Use of Regression equation 3.5: 
y = 104.36 x + 0.0232 
With: R = 0.998 
0.0493= 104.36 x+0.0232 
X=2.5x10-4 %   = 0.00025 % 
Limit of Detection = 2.5 ug/ml 
 
3.24- Limit of Quantitation: 
Limit of quantitation has been calculated statistically (table 3.28) using 
equation 3.10. It was found to be 8 ug/ml. 
Table  3.28;statistical calculation of the quantitation limit. 
Sample 
No. 
Conc
. 
µg/ml 
Conc. M Conc.% 
xi 
Abs. 
yi 
yˆi yi-yˆi (yi-yˆi)2 
1 5 2.64x10-5 0.0005 0.08967 0.07538 0.01429 2.042041x10-4 
2 18 9.49  X 10 -5 0.0018 0.208 0.211048 -3.048x10-3 0.09290304x10-4 
3 27 14.2  X 10 -5 0.0027 0.303 0.304972 -1.972x10-3 0.03888784x10-4 
4 36 18.99 X 10 -5 0.0036 0.3996 0.398896 0.704x10-3 0.00495616x10-4 
5 45 23.7 X 10 -5 0.0045 0.4958 0.49282 2.98x10-3 0.088804x10-4 
? (yi-yˆi)2 =2.268x10-4 
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· Regression equation of conc.% curve: 
yˆi = 104.36 xi + 0.0232         equ. 3.5 
With: R2 = 0.997 
Mathematically: 
Slope = Specific absorbance (A1%1cm) = 104.36 dL gm-1 cm-1 
 
· Limit of Quantitation=yB+10sB             equ. 3.10 
Where yB=a   and sB=s y/x 
S y/x=   ?  (yi-yˆi)2          =     2.268x10-4            =         7.56x10-5 
            v                  n-2                    v                  3                                   v  
  
S y/x= sB = 0.0087                            yB = a =0.0232 
By using (equ. 3.10) 
The Value of y at the Limit of Quantitation= 0.0232+10x 0.0087 = 0.11 
Use of Regression equation 3.5 
y = 104.36 x + 0.0232 
With: R = 0.998 
0.11 = 104.36 x+0.0232 
x=8.33 X10-4 %   = 0.000833 % 
Limit of Quantitation = 8 ug/ml 
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3.25- Kinetics of the reaction: section 2.3.17 
To study the reaction’s kinetic, scanning of dopamine HCl concentration’s 
range 4.75 x10-5-14.2 x 10-5during 40 min was done, the results were written on 
(table 3.29).Graph of absorbance versus time (min)(fig.3.35), showed that, the rate 
of the reaction is dopamine -dependent, and obeyed the following equation; 
Rate=K´ [Drug] n                                                       equ. 3.11 
Where; 
K´ is the pseudo nth-order rate constant  
 n is the order of the reaction. 
Table 3.29: absorbance readings of dopamine HCl range 4.75x10-5-14.2 x 10-
5during 40 min 
DA Conc.(M) Abs. at 0 min Abs. at 10 
min 
Abs. at 20 
min 
Abs. at 30 
min 
Abs. at 40 
min 
4.75 x 10-5 0.028 0.09 0.092 0.101 0.117 
9.49 x 10-5 0.032 0.141 0.160 0.179 0.170 
14.2 x 10-5 0.038 0.202 0.228 0.246 0.259 
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 Figure 3.35 
Graph of absorbance versus time (min) for scanning of 3 different                       
concentrations of standard dopamine HCl (4.75 x10-5-14.2 x 10-5) during 40 min 
 
3.25.1- Estimation of rate of the reaction using variable time method 
Measurement, logarithms of rates (   A/   t) and molar concentration of the 
drug were calculated (table 3.30, where A is the absorbance and t is the time in 
seconds.Taking log of the equ. 3.11 yield, 
                      Log rate=log K´+nlog[drug]                               equ. 3.12 
Log rate versus log [drug] gave the following regression equation; 
Log rate= 0.7864+1.1 log C          (r=0.998)                  
Log K´= 0.7864, K´= 6.12 S-1 and the reaction is first order hence (n=1.1) 
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Table 3.30.logarithms of rates for different dopamine HCl concentrations at room 
temperature. 
Log    A/     t Log [DA HCl](M) 
-4.471 -4.3233 
-4.238 -4.0227 
-4.075 -3.8477 
-3.955 -3.7215 
-3.861 -3.6253 
 
3.25.2- Rate-Constant method; 
Log A was plotted versus time in seconds for dopamine HCl concentration 
range 4.75 x10-5-14.2 x10-5 M. Then the pseudo first order rate constants were 
calculated for each concentration from the slope, multiplied by -2.303 and 
presented in (table 3.31) 
Table 3.31: The pseudo first order rate constants calculated for each concentration 
from the slope, multiplied by -2.303 
K(S-1) Conc.(M) 
0.9212 x 10-4 4.75 x10-5 
2.0727 x 10-4 9.49 x 10-5 
1.6121 x 10-4 14.2 x 10-5 
Regression equation for Conc. (M) versus K(S-1) gave; 
K= 8 x 10-5+ 0.732 C            (r=0.597)        
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3.25.3- Fixed-concentration method:  
For dopamine HCl concentration range 1.4 x 10-4- 4.1 x 10-4M, the reaction 
rates were studied. The value of 0.250 was preselected, fixed and the time was 
measured in seconds. The reciprocal of time 1/t(S-1) was plotted versus Conc. (M) 
(table 3.32) and the following regression equation was obtained; (fig. 3.36) 
1/t= -0.001+17.87 C              (r=0.99799)       
        
Table(3.32): the reciprocal of time in second obtained  
1/t(S-1) Conc.(M) 
6.67 x 10-4 1.4 x 10-4 
2.38 x 10-3 2.2 x 10-4 
5.56 x 10 10-3 4.1 x 10-4 
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Figure 3.36 
Graph of reciprocal of time 1/t(S-1) versus Conc.( 1.4 x 10-4- 4.1 x 10-4M) 
 
 
3.25.4- Fixed-time method:  
The reaction rates for different dopamine HCl concentrations (4.75 x 10-5-
14.2 x 10-5 M) at fixed times, were determined. Graphs of absorbance versus 
concentration (M) (Fig. 3.37, 3.38, 3.39, & 3.40) were constructed at times 10, 20 
30 and 40 min, using regression equations presented in table 3.33. 
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Table 3.33: Regression equations of absorbance versus concentration for dopamine 
HCl range 4.75 x 10-5-14.2 x 10-5 M at preselected times 10, 20, 30 & 40 min. 
Time(min) Regression equ. Correlation 
Coefficient(r) 
10 A=0.032+1185 C 0.997 
20 A=0.023+1439 C 1 
30 A=0.029+1534 C 0.998 
40 A=0.039+1502 C 0.978 
 
 
 
.  
Figure 3.37. Calibrations graph of absorbance versus concentration for dopamine 
HCl range 4.75 x 10-5-14.2 x 10-5 M at a fixed time10min 
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.  
Figure 3.38. Calibrations graph of absorbance versus concentration for dopamine 
HCl range 4.75 x 10-5-14.2 x 10-5 M at a fixed time 20min 
 
 
 
 
 
 
Figure 3.39. Calibrations graph of absorbance versus concentration for dopamine 
HCl range 4.75 x 10-5-14.2 x 10-5 M at a fixed time 30min. 
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Figure 3.40 Calibrations graph of absorbance versus concentration for dopamine 
HCl range 4.75 x 10-5-14.2 x 10-5 M at a fixed time 40min. 
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The technique of ultraviolet-visible spectrophotometry is one of the most 
frequently employed in pharmaceutical analysis. It involves the measurement of 
the amount of ultraviolet (190-380 nm) or visible (380-800nm) radiation absorbed 
by a substance in solution. Instruments which measure the ratio, or a function of 
the ratio, of the intensity of two beams of light in the ultraviolet-visible region are 
called ultraviolet-visible spectrophotometers. Absorption of light in both the uv 
and visible regions of electromagnetic spectrum occurs when the energy of the 
light matches that required to induce in the molecule an electronic transition and 
its associated vibrational and rotational transitions. It is thus convenient to 
consider the techniques of ultraviolet-visible spectrophotometry together. (Beckett 
et al 1997). 
Many methods for analysis of dopamine HCl injection were developed, on 
compendia (BP 2010 and USP 30 NF25), liquid chromatography (LC) is used. LC 
is one of the most useful method of analysis, however, it is highly sophisticated 
requiring a trained operator, and of high cost, needing special pure solvents, and 
efficient columns. Therefore the UV methods remain the most of choice for under 
developing countries. 
Flow injection chemiluminescence (CL) analysis method (Yu C et al 2006) 
is based on dopamine greatly enhancing effects on the CL reaction of luminal-
potassium periodate in Basic solution. Under optimized conditions, the calibration 
graphs relating the increase of CL intensity to the concentration of the analytes 
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were linear. Despite the advantages and the revolution on the analysis automation, 
the flow injection technique’s application is still limited and only Confined in the 
areas concerned with the development and the innovation in the field of 
pharmaceutical analysis. Many spectrophotometric methods for the determination 
of dopamine were developed depending on generation of a colored product that 
absorbs at visible region. One of these involves the oxidation of dopamine by N-
bromosuccinimide followed by oxidative coupling with isoniazid leading to the 
formation of a red-coloured product of maximum absorbance (? max480 nm). 
Another method is based on the formation of green to blue complex (? max 635–660 
nm) between dopamine and sodium nitroprusside in the presence of 
hydroxylamine hydrochloride. All measurements of the two procedures are carried 
out in an alkaline medium at room temperature and after setting aside for 5 min. 
(P. Nagaraja et al 1997).  
Another reported Spectrophotometric method, is the assay of dopamine 
hydrochloride injection using thiosemicarbazide.To 1 ml of an aq. dilution of 
dopamine hydrochloride (I) injection (?  40 µg ml–1) were added 1 ml each of 
0.4% thiosemicarbazide soln. and 0.35M-NaOH. The mixture was diluted to 10 ml 
with propan-2-ol and set aside for 45 min at room temp., after which the 
absorbance was measured at 504 nm (?  = 24,000). ( el-Kommos ME 1987). 
Regarding the above reported spectrophotometric methods, the proposed method is 
considered the simplest one with the least material consumption.  
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For these methods ranging from complicated (LC) to time and materials 
consuming (the reported spectrophotometric methods), the development of an 
alternative simple, cost-effective, sensitive, and selective method will be requisite.  
Gibbs reagents (2,6-Dichloroquinone-4-chloroimide and 2,6-Dibromoquinone-
4-chlorimide) are extensively used in colorimetric determination for generation of 
colored products. It reacts with phenol to produce dichloroindophenols or 
dibromoindophenols (fig.4.1). This reaction is not specific for p-unsubstituted 
phenols.  
 
 
Figure 4.1 
Reaction of phenol with 2,6-bromoquinone-4-chloroimide 
(Reproduced from M.Pesez & J.Bartos 1974) 
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The reactive hydrogen of the –SH group permits the condensation with 2,6-
Dichloroquinone-4-chloroimide to give a colored dichloroquinone sulfenimide 
(fig.4.2). (M.Pesez & J.Bartos 1974) 
  
Figure 4.2 
Reaction of –SH containing compounds with 2,6-chloroquinone-4-chloroimide 
(Reproduced from M.Pesez & J.Bartos 1974) 
 
DCQ has been used for detection of antioxidants, including phenolic types 
and a few primary and secondary amines. (Joseph Hansbro Ross 1968)  
 In this respect, DCQ reagent was applied for the assay of Propofol (Gad 
Kariem et al 2000), and Captopril (Nahed El-Enany et al 2008). 
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4.1- Absorption spectra 
The chromophoric system of the dopamine structure shows absorption 
maximum at 280 nm (fig. 3.1). Sometimes it would be useful to develop a colored 
species of the drug molecule with reactive functional groups. This is beneficial in 
three ways: firstly, the bathochromic shift of the formed colored species will 
eliminate any irrelevant absorption exerted by pharmaceutical excipients i.e. 
especially for coated or colored tablets. Secondly, the selectivity of the reaction 
could be a mean of assaying the drug in presence of another non-reaction drug 
molecule or even a non-reacting drug’s structurally related substance (stability 
indicating property). Finally, the sensitivity could be increased leading to high 
slope value i.e. wider range of linearity extending from low to high concentrations.   
On the other hand in an attempt to increase the selectivity and diminish the 
interference effect, indirect spectrophotometric assay was proposed.  Scanning of 
the colored product obtained from the reaction of dopamine HCl with  DCQ(act as 
chromogen) against a reagent blank in a range of 350 nm- 650 nm using UV-1800 
Schimadzu Spectrophotometer were studied. The spectra showed a maximum 
absorption at 470 nm with absorbance reading of 0.129for dopamine HCl 
concentration 9 µg/ml and DCQ (0.12 % solution in ethanol) (figure 3.2). 
Therefore the wave length of 470nm was chosen as the absorbance maximum 
(? max) to perform the analysis. The value of A1%1cm is 104.36±4.15. 
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4.2- optimization of the method 
   In order to find the best combination of factor levels to give the optimum 
response, several experiments were conducted. For studying the solvent effect, 
three solvents; protic (distilled water, absolute ethanol) and aprotic (acetonitrile) 
were used, the spectra showed that; the absorbance maxima are 467, 469, and 
470nm for acetonitrile, ethanol, and water respectively. Through analyzing the 
results, slight red shift on absorbance maxima with increase in polarity occurred  
indicating that the absorbance is mainly due to p  to p * transitions (the absorption 
maximum changed to a longer wavelength in a polar solvent (Red shift) 
(Robinson, 1995),while the intensities of the absorbance were affected to little 
extent. The outcome of the experiment is that; no major changes occured while 
using polar solvents with different dielectric constants on both absorbance maxima 
and intensities, however, in terms of safety, availability, and cost, distilled water 
was selected as the reaction’s solvent in this study. 
Another experimental factor is the pH of the reaction media. A 
concentration of 18 ug/ml of dopamine HCl and three buffer solutions were used 
for this study, phosphate buffer of pH 3, and 7, borate buffer of pH 9. The spectra 
showed that; for buffer pH 3 no absorbance band observed during 350nm to 650 
nm scanning, indicating that, no reaction occurs between dopamine HCl and DCQ 
in acidic media (fig.3.7a). At pH 7, an immediate purple colored product  appeared 
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at ? max 462nm (fig.3.7b), with absorbance reading of 0.9 and RSD 8.17%, this high 
RSD obtained indicate the bad repeatability of the results when a buffer of pH 7 
was used . For pH 9, a deep and stable purple color appeared at ? max 462nm (fig. 
3.7c), with absorbance reading of 0.6853 and RSD 3.65%. For both, pH 7, and 9, 
the reagent blanks developed a color. These results confirm previous work; DCQ 
reacts with phenolic compounds in alkaline media to give indophenols (colored 
species) (Gibbs and Biol, 1927). Although the use of pH 9 increases the intensity 
of the absorbance, but the same color developed by the reagent blank, increases 
the possibilities of interference as well as reducing the sensitivity , these are beside 
that, less material consumption is preferred for simple method development. 
Therefore the use of buffer solution was not recommended during this proposed 
method.  
A conducted experiment proved that, allowing the reaction mixture to 
stand for 60 min pre to volume completion gave more intense color and double 
absorbance reading compared to standing post to volume completion. 5 µg/ml 
concentrations gave 0.037 absorbance reading compared to 0.075 when allowed to 
stand pre to volume completion, for more results refer to chapter 3 (table 3.1).   
The optimal concentration of DCQ that can give maximum color 
development was studied. A concentration of dopamine HCl (36 µg/ml) was kept 
constant while reacting with three different concentrations of the other reactant, 1 
ml of (0.1%, 0.12 %, and 0.24%) of DCQ. The mean of the absorbance readings 
were 0.370, 0.402, and 0.393¯ for 0.1%, 0.12%, and 0.24% respectively. The 
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interpretation of the results showed that, no significant changes on intensity of the 
colored product (absorbance reading) observed upon increment of the DCQ 
concentration from 0.12% to 0.24%, while the lowest concentration (0.1%) gave 
the lowest reading, therefore a DCQ concentration of 0.12% was selected as an 
optimum chromogen’s concentration during generation of the colored product.   
A second series of experiments were performed, in each of which the 
concentration of the Dopamine HCl and the DCQ (at its optimum value I ml of 
0.12%) were kept constant but the temperature was varied. In each case the 
absorbance readings were obtained for two concentrations of dopamine HCl(18, 
and 36 ug/ml) at room temperature and at 90 ° C . The results were are shown in 
table 4.1. 
Table 4.1; the results of performing the reaction at two different temperatures. 
Tube’s no. Conc. 
Ug/ml 
Temperature Mean SD 
1 18 90 ° C 0.4235 + 0.074 
  
2 36 90 ° C 0.794 +0.124 
  
3 18 Room 
temperature 
0.215 +0.0028 
  
4 36 Room 
temperature 
0.395 +0.0071 
  
 
Despite the higher SD values obtained when applying heat at 90° C for 5 min, 
compared to those at room temperature, the results were encouraging for further 
investigation in order to increase the sensitivity of the method. Absorbance 
readings over the range of 4.5 to 22.5 µg/ml were studied. However, the results 
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were unsatisfactory, and to some extent imprecise; for example the absorbance of 
the lowest concentration 4.5 µg/ml showed a RSD of 20.14(n=4) compared to an 
RSD value of 2.69 (n=5) for 9 µg/ml and the correlation coefficient (r) were 0.979 
and 0.974 for standard and sample’s curves respectively, compared to 0.999 and 
0.998 for standard and sample curves obtained using the proposed method.  
The stability of the colored product was studied during 90 min using dopamine 
HCl concentration of 18 µg/ml.  The reaction rate was fast during the first 15 min 
(at zero min the absorbance was 0.047 and at 15 min was 0.176), and then slowly 
for the last 45 min. The absorbance readings were somewhat stable during 45, 60, 
and 90 min. There was no significant difference on absorbance readings between 
45, and 60 min (at 45 min 0.192, and at 60 min 0.215), but the results at 60 min 
gave more reproducible results with RSD of 1.32%.  Therefore the reaction was 
allowed a period of 60 min before scanning during the analysis. Table (3.7). 
The sequence of adding the solutions and reagent was important during the 
analysis for more precise results. 
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4.3- interference: 
The matrix effect was studied using two approaches, standard addition 
method, and added recovery. The results of both indicated absence of matrix 
effect. For standard addition method, the following regression equation was 
obtained; y=0.0117x+0.2087(r=0.998) (Actual sample concentration= A/B= 17.84 
µg/ml and recovery % = 99.09%). This recovery % result strengthens what had 
been found (fig. 3.33). The added recovery results further confirmed the absence 
of matrix effect, the results were abridged on (table 4.2) below.  
Table 4.2 shows the outcome of the added recovery method. 
 standard Sample Mixture 
Absorbance 
mean 
0.2037±0.0052 0.2185±0.0063 0.4215±0.0061 
(n=6) 
The added recovery was calculated as follows: 
                                      AT-Asmp x 100 = 99.7 % 
                                           Astd 
Where; 
AT= absorbance of the solution containing both sample and standard dopamine 
HCl 
Asmp= absorbance of sample solution 
Astd= absorbance of standard solution 
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These results reflect that; the absorbance reading is only related to the analyte 
at the specific ? max (470 nm). 
4.4- stoichiometry of the reaction: 
The molar ratio method for determining the stoichiometry between DCQ 
and dopamine HCl by preparing solutions containing different mole ratios of the 
two reactants was applied using 20.131x10-5 and 0.998x10-3M solutions of 
dopamine HCl and DCQ respectively. The number of moles of DCQ was kept 
constant (1.6x10-6 mole) while changing the dopamine HCl moles from (0.16 to 
0.48) x 10-6 moles.   The results obtained were represented on table 3.26 indicated 
that, 1 mole of dopamine HCl react with 4 moles of DCQ (1:4) to produce the 
colored complex.  
 
4.5- Method validation: 
4.5.1- limit of detection and limit of quantitation 
The limits of detection (LOD) and quantitation (LOQ) were calculated 
statistically (refer to table 3.27, and 3.28 in chapter 3) and were found to be 2.5 
and 8 µg/ml respectively. 
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4.5.2- Linearity & range: 
The linearity demonstrated for the standard solution over a range of 5 – 45 
µg/ml. 
Over the range the plot of the absorbance versus concentration was linear as 
shown by the regression data below: 
 
Table 4.3; the results used for demonstration of linearity range. 
Concentration Absorbance reading 
M ( % ) µg/ml Trial 1 Trial 2 Trial 3 Average 
2.64X 10-5 0.0005% 5 0.092 0.079 0.098 0.0896 
4.75X 10-5 0.0009% 9 0.119 0.122 0.122 0.121 
9.49X 10-5 0.0018% 18 0.201 0.210 0.204 0.205 
1.42X10-4 0.0027% 27 0.302 0.304 0.303 0.303 
2.37X 10-4 0.0045% 45 0.486 0.482 0.515 0.494 
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 Figure 4.3  
Validation (Linearity & Range)
Regression data
A1% (slope) 
?  (slope) 
r(correlation Coefficient) 
Intercept                                  
 
 
4.5.3- Accuracy
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and applying the formula below. 27µg/ml was used from dopamine HCl standard 
and sample, taking the standard reading as known mean (100%value). The results 
obtained are shown in  table 4.4. 
Table 4.4: Calculation of accuracy  
 
  
t= (x-µ) v n /SD     t= (98.9-100).v 3   /0.83 = 2.295 
where; 
t= critical value (student t value) 
 x=mean of the assay results 
n= number of samples 
SD= standard deviation of the assay results 
Comparing the calculated t value with that obtained from the table (James N. 
Miller et al 2005) indicates that the proposed method is accurate. 
 
Sample 
No. 
Sample 
absorbance 
Standard 
absorbance 
(n=5) 
Content 
% 
Mean of 
content 
% 
SD Calculated 
t value 
 
t value 
(table) 
(p=0.05) 
1 0.297  
0.303 
98.02  
98.9 
 
0.83 
 
2.295 
 
4.30 2 0.300 99.01 
3 0.302 99.67 
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4.5.4- Precision (Repeatability) – First Day Study 
The precision is given by the standard deviation of the repeatability of the 
method. It is determined from the results of 5 determinations of 3 different 
concentrations under the same analytical conditions. Results are listed in the table 
below: 
Table 4.5: calculation of precision 
Conc. µg/ml Absorbance mean Mean ± SD RSD % 
9 0.1218 0.1218±0.0033 2.69 
27 0.303 0.303±0.0029 0.96 
36 0.3996 0.3996±0.0069 1.75 
(n=5) 
The minimal SD of the mean of the 3 concentrations indicate that the results 
obtained by the proposed method are satisfactory repeatable. 
 
4.6- kinetics of the reaction 
kinetic methods have been used extensively  for determination of drugs in bulk 
and in formulations, examples;  determination of; ampicillin trihydrate using 
ascorbic acid (Al-Khamees et al, 1995), carbimazole by oxidation with dichromate 
(Salah M. Sultan, 1992), atenolol by oxidation with ammonium meta vanadate 
(Salah M. Sultan, 1992),also atenolol could be kinetically determined using 
bromate-bromide and methyl orange (Kanakapura Basavaiah et al, 2006), sulphur 
containing drugs (carbocisteine, and penicillamine) through oxidation with 
alkaline potassium permanganate (M.I. Walash et al, 2004). 
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Every chemical reaction occurs at a finite rate and, therefore, can potentially serve 
as the basis for a chemical kinetic method of analysis. To be effective, however, 
the chemical reaction must meet three conditions. First, the rate of the chemical 
reaction must be fast enough that the analysis can be conducted in a reasonable 
time, but slow enough that the reaction does not approach its equilibrium position 
while the reagents are mixing. A second requirement is that the rate law for the 
chemical reaction must be known for the period in which measurements are made. 
In addition, the rate law should allow the kinetic parameters of interest, such as 
rate constants and concentrations, to be easily estimated. A final requirement for a 
chemical kinetic method of analysis is that it must be possible to monitor the 
reaction’s progress by following the change in concentration for one of the 
reactants or products as a function of time.( David Harvey 2000) 
The aim is to study the reaction between dopamine HCl and DCQ kinetically 
as it fulfills all the above mentioned criteria, in an attempt to be determined in its 
injectable form. A study of the kinetics of a chemical reaction begins with the 
measurement of its reaction rate, so the rate of product formation (absorbance 
reading) for dopamine HCl concentration range (4.75-14.2) x10-5 M were studied 
during 40 min and a graph of absorbance versus time in minutes (fig.3.35) showed 
that, the rate of the reaction is dopamine dependant and obey the rate law of 
pseudo first order as the reagent (DCQ) was used in excess. 
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4.6.1- The variable time method: 
Was applied in order to estimate one of the kinetic’s parameter, the rate 
constant from the intercept. The following regression equation was obtained,      
log rate = 0.7864 + 1.1 log C (r=0.998), then (K´) = 6.12 s-1, and the order of the 
reaction from the slope (n) =1.1, indicating that the reaction is first order with 
respect to dopamine HCl. 
 
4.6.2- Rate constant method: 
was applied and the relation between the calculated K´ values and the molar 
concentration of Dopamine HCl was not linear demonstrated by the correlation 
coefficient (r=0.597) .This poor  linearity is probably due to differences in K´ 
values as a result of changes in one of the reaction conditions. Refer to table 3.31 
chapter 3. 
 
4.6.3- fixed concentration method: 
Dopamine HCl concentration can be determined by applying the following 
regression equation derived from fixed concentration method  
        1/t= -0.001+17.87 C              (r=0.99799)   
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The dopamine HCl concentration range within which the most satisfactory 
regression equation was obtained is somewhat high (14-41) x10-5 M which 
decrease the sensitivity of the method, and therefore this method was neglected. 
4.6.4- Fixed time method 
Was studied at 10, 20, 30, and 40 min and the following regression equations 
were obtained. 
Table 4.6; regression equations obtained at time 10, 20, 30, and 40min. 
Time(min) Regression equ. Correlation 
Coefficient(r) 
10 A=0.032+1185 C 0.997 
20 A=0.023+1439 C 1 
30 A=0.029+1534 C 0.998 
40 A=0.039+1502 C 0.978 
    
Based on correlation coefficients and intercepts, 20 min is chosen as the 
preselected fixed time and the corresponding regression equation is used for 
determination of unknown dopamine HCl concentration. 
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4.7- assay of dopamine HCl injection 
The promising results (good linearity (r=0.999) and repeatability) obtained 
by the spectrophotometric method, allow applying the previously proposed method 
for determination of dopamine HCl in dosage form. The result of assay of 
dopamine HCl injection (MYOTIL) was 98.56±0.89%(n=3) using direct 
sample/equivalent standard comparison method (section 3.22), and was 99.5±4.4% 
using A1% 1cm of standard and sample comparison. These results do comply with 
the B.P 2010, and USP 30-NF25 specifications of content % of dopamine HCl in 
injection (95-105%).  
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Conclusion: 
The outcomes of these experiments were that;  
· development of two simple, sensitive, cost-effective, and accurate, 
spectrophotometric and kinetic methods for assay of dopamine HCl in bulk 
form based on generation of a brownish-orange colored product absorbs at 
? max 470 nm through reacting with DCQ (0.12%) in aqueous media at room 
temperature.  
· The kinetic method allows determination of Dopamine HCl in a range of 9 
to 45 µg ml-1, at a fixed time of 20 min by applying the following equation; 
A=0.023+1439 C (r=1). 
· The spectrophotometric method allow estimation of DA HCl in a range of 
(5 µg ml-1 to 45 µg ml-1) with correlation coefficient (r=0.999), and 
detection limit of 2.5 µg ml-1. Based on the more valid and sensitive one, 
the spectrophotometric method was superior and so chosen to be applied 
for assay of dopamine HCl in dosage form, and the results were 
98.9±0.83%(n=3) with a relative standard deviation of 0.84%, so this 
method was successfully used for the determination of the content of 
dopamine hydrochloride in dopamine hydrochloride injection.  
· The proposed spectrophotometric method overcomes the official (B.P & 
USP) and the reported ones in term of simplicity and cost-effectiveness. 
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Recommendations:  
Concerning the proposed kinetic method, further studies should be carried 
out to strengthen and validate the obtained results, so it could be applied for 
determination of dopamine HCl in injectable form. 
The effect of thermal catalysis, need to be re-evaluated using more accurate 
water bath, as it is expected to give more sensitive results. 
This method can be applied on routine quality control analysis of dopamine 
HCl especially if formulated colored coated tablets will be developed. 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϳϯ 
 
References: 
Abbas, Samah S.; Bebawy, Lories I.; Fattah, Laila A.; Refaat, Heba H. 2006, 
Spectrophotometric stability-indicating methods for the determination of 
leflunomide in the presence of its degradates, Journal of AOAC 
International | November 1, 2006  
 
Beckett A. H, Stenlake J. B 1997, Practical Pharmaceutical Chemistry, part 
2,4’th edition, S.K Jain. India  
 
British National Formulary 62, 2011; British Medical Association and Royal 
Pharmaceutical Society of Great Britain, London: 62th Electronic 
edition 
 
British Pharmacopoeia 2007; version 11.0, system simulations Ltd, 
               volume I and II, SC III F 
 
British Pharmacopoeia 2010; version 12.0, system simulations Ltd, 
               volume  II 
 
Chen N, Reith ME.  2000.  Structure and function of the dopamine  
transporter.  Eur J Pharmacol, 405(1-3):329-339. 
 
Chilukuri Suryaprakasa Sastry, V. Gurucharana Das and K. 
Ekambareswara Rao, 1985, Spectrophotometric methods for the 
determination of o-dihydroxybenzene derivatives ,  Analyst vol. 
110:395-398 
 
David Harvey 2000, Modern analytical chemistry, 1st edition 
                    DePauw University, the McGraw-Hill Companies, Inc. USA 
 
 
El-Kommos ME 1987 Spectrophotometric assay of dopamine hydrochloride 
injection using thiosemicarbazide, J Pharm Belg , 42(6): 371-6. 
 
 
E.A. Gadkariema, K.E.E. Ibrahima, N.A.A. Kamila, M.E.M. Hagab, H.A. El-
Obeidc  2009, A new spectrophotometric method for the determination 
of methyldopa, Saudi Pharmaceutical Journal, 17( 4): 289-293  
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϳϰ 
 
E.A. Gad-Kariem & M.A. Abounassif 2000, Colorimetric Determination of 
Propofol in Bulk form, Dosage Form and Biological Fluids, Analytical 
Letters , 33(12):2515-2531 
 
 
 
 
F.A. ALY, F.Belal, and M.I. Walash 1994, colorimetric determination of 
prenalterol hydrochloride in dosage forms, j. of pharmaceutical & 
biomedical analysis,12 (7):955-958. 
 
F. S. El-Shafiea, E. A. Gad-Kariema, K. A. Al-Rashooda, H. A. Al-Khameesa 
& H. A. El-Obeid 1996, Colorimetric Method for the Determination of 
Ampicillin and Amoxicillin, Analytical Letters, 29(3): 381-393 
  
 
 
Gibbs H. B, Biol J, Chem. Rev (3), (291), 1927. Cited in: Gadkariem E. A, 
Abounassif M. A, Colorimetric determination of propofol in bulk form, 
dosage form and biological fluids, Anal Letters :( 33), (2515 – 2531), 
2000.   
 
 
 
 James N. Miller & Jane C. Miller 2005, Statistics and chemometrics of 
analytical chemistry, fifth edition, pearson education, u.k  
 
 
John C. Robinson, Jr. and H. R. Snyder 1943, synthesis of ß -
PHENYLETHYLAMINE, Organic Syntheses, Coll. Vol. 23, p.71 
 
J.J. Berzas Nevado , J.M. Lemus Gallego, P. Buitrago Laguna 1996, Flow-
injection spectrophotometric determination of adrenaline and dopamine 
with sodium hydroxide,  Journal of Pharmaceutical and Biomedical 
Analysis, 14 (1996) 571-577 
 
 
Joseph Hansbro Ross, 1968, 2,6-Dichloroquinone 4-chloroimide as a reagent for 
amines and aromatic hydrocarbons on thin-layer chromatograms- Anal. 
Chem., 40 (14):2138–2143  
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϳϱ 
 
Kanakapura basavaiah*, Umakanthappa Chandrashekar and Paregowda 
Nagegowda 2006, Titrimetric, spectrophotometric and kinetic methods 
for the assay of atenolol using bromate–bromide and methyl orange, J. 
Serb. Chem. Soc. 71 (5) 553–563  
 
 
M. C. B. S. M. Montenegro, M. Goreti F. Sales  2000, Flow-injection analysis of 
dopamine in injections with a periodate-selective electrode, Journal of 
Pharmaceutical Sciences,  89( 7): 876–884 
 
 
M. I. Walash,* A. M. El-Brashy, M. S. Metwally, and A. A. Abdelal 2004, 
Spectrophotometric and Kinetic Determination of Some Sulphur 
Containing Drugs in Bulk and Drug Formulations, Bull. Korean Chem. 
Soc Vol. 25(4): 517 
 
Nahed El-Enany, Fathalla Belal1, Mohamed Rizk 2008, Novel 
Spectrophotometric Method for the Assay of Captopril in Dosage Forms 
using 2,6-Dichloroquinone-4-Chlorimide, International journal of 
Biomedical science 4 ( 2)  
 
 
Nagaralli, Basavaraj S.,  Seetharamappa, Jaldappa; Melwanki, Mahaveer 
B.; Ramesh, Kunabevu C., Keshavayya, Jathi 2002, 
Spectrophotometric Investigations of the Assay of Physiologically 
Active Catecholamines in Pharmaceutical Formulations , Journal of 
AOAC International, Vol. 85(6 ): 1288-1292(5) 
 
 Pesez M. and Bartos J. 1974; Colorimetric and fluorimetric analysis of 
                 organic compounds and drugs, New York, pp. V- VI, 3-35. 
 
 
P. Nagaraja a, K.C. Srinivasa Murthy b, K.S. Rangappa a, N.M. Made 
Gowda 1998 Spectrophotometric methods for the determination of 
certain catecholamine derivatives in pharmaceutical preparations, 
Talanta, 46(1): 39–44 
 
Robinson J. M, Undergraduate Instrumental Analysis, , 5’Th edition, Marcel 
Dekker, USA (16,268-271), 1995. 
 
R.S. Vardanyan and V.J. Hruby 2006, Synthesis of Essential Drugs, Elsevier 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϳϲ 
 
Salah M. Sultan 1992, a kinetic method for the determination of carbimazole in 
pharmaceutical preparations by oxidation with dichromate in sulfuric 
acid, Analytical sciences 8(4):503-506 
  
Salah M. Sultan  1992, Kinetic methods for the determination of atenolol in 
pharmaceutical preparations, Acta Pharm Hung.62(6):311-7. 
 
 
Shih JC, Chen K, Ridd MJ.  1999, Monoamine oxidase: from genes to 
behavior.  Annu Rev Neurosci, 22:197-217. 
 
United States Pharmacopoeia 30 NF 25, Edition, United States            
Pharmacopoeial Convention, Rockville. 
 
Velasco M, Luchsinger A.  1998.  Dopamine: Pharmacologic and Therapeutic   
Aspects.  Am J Ther, 5(1):37-43. 
 
Wilson and Gisvold 1998, textbook of organic medicinal & pharmaceutical 
chemistry, tenth ed, Lippincott Williams & Wilkins 
 
 
W. R. FEARON 1944, The Detection and Estimation of Uric Acid by 2:6-
Dichloroquinone-chloroimide, Department of Biochemistry, Trinity 
College, Dublin Vol. 38 
 
Yu C, Tang Y, Han X, Zheng X , 2006, Sensitive assay for catecholamines in 
pharmaceutical samples and blood plasma using flow injection 
chemiluminescence analysis, Anal Sci. 22(1):25-8. 
 
 
(http://www.chemicalbook.com/ChemicalProductProperty_EN_CB6748841.htm-
(dec.2010) 
 
(http://www.drugs.com/pro/dopamine-injection.html-19/8/2011) 
 
 
(http://www.rxlist.com/dopamine-drug.htm) 
 
(http://en.wikipedia.org/wiki/Dopamine-19/8/2011) 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Chapter One 
Introduction & Literature review 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Chapter Two 
Experiment; Instruments, 
Materials & Methods 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 Chapter Three 
Results 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 Chapter Four 
Discussion 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xiii 
 
List of Figures 
Figure 1.1 Dopamine Hcl Molecular Structure 3 
Figure 1.2 IR spectrum of dopamine Hcl 4 
Figure 1.3 Synthesis of dopamine  5 
Figure 1.4 Synthesis of ß -phenylethylamineby catalytic reduction 
of benzyl cyanide 
5 
Figure 1.5 ß -phenylethylamine structure 6 
Figure 1.6 Biosynthesis of Dopamine              8 
Figure 1.7 Biodegradation of dopamine 10 
Figure 1.8 DCQ molecular structure 18 
Figure 1.9 Simplified energy level diagram showing absorption 
of a photon. 
21 
Figure1.10  Red shift 23 
Figure1.11 Blue shift 25 
Figure1.12  Expected absorption spectrum of a molecule 
undergoing p ?     p * transitions and n?     p *. 
25 
Figure1.13  Absorption spectrum in ethanol of a molecule 
containing both p  bonds and n electrons. 
26 
Figure 1.14 Calibration curves showing positive and negative 
deviations from Beer’s law. 
28 
Figure 1.15 Calibration procedure in instrumental analysis:  
calibration points; test sample. 
37 
Figure 1.16 The method of standard addition 38 
Figure 3.1 UV spectrum of Dopamine Hcl (36 µg ml-1) 82 
Figure 3.2 Visible spectrum of Dopamine Hcl-DCQ colored 
product (9 µg ml-1) 
83 
Figure 3.3 Two absorbance spectra of dopamine Hcl RS (5 
µg/ml) ,  the 1st  standing pre to volume completion,  
the 2nd standing post to volume completion  
84 
Figure 3.4 Two absorbance spectra of dopamine Hcl RS (15 
µg/ml) ,  the 1st  standing pre to volume completion,  
the 2nd standing post to volume completion  
85 
Figure 3.5 Two absorbance spectra of dopamine Hcl RS (25 
µg/ml) ,  the 1st  standing pre to volume completion,  
the 2nd standing post to volume completion  
86 
Figure 3.6a Absorption spectrum of the colored product  using 
distilled water as solvent (18 µgml-1) 
87 
Figure 3.6b Absorption spectrum of the colored product  using 
absolute ethanol as solvent (18 µgml-1) 
87 
Figure 3.6c Absorption spectrum of the colored product using 
Acetonitrile as solvent (18 µgml-1) 
88 
Figure 3.7a   Absorption spectrum of the colored product  at pH 3 
(phosphate buffer) (18 µgml-1) 
88 
Figure 3.7b Absorption spectrum of the colored product  at pH 7 
(phosphate buffer) (18 µgml-1) 
89 
Figure 3.7c Absorption spectrum of the colored product  at pH 89 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xiv 
 
9(Borate buffer) (18 µgml-1) 
Figure 3.8a Effect of elevated temp. on absorption spectrum  of 
the colored product  Dopamine Hcl(18 µg ml-1) 
90 
Figure 3.8b Effect of elevated temp. on absorption spectrum  of 
the colored  product  Dopamine Hcl (36 µg ml-1) 
90 
Figure 3.8c Absorption spectrum of the colored product at room 
temperature Dopamine Hcl(18 µg ml-1) 
91 
Figure 3.8d Absorption spectrum of the colored product  at room 
temperature Dopamine Hcl(36 µg ml-1) 
91 
Figure 3.9a Absorbance spectrum of standard dopamine Hcl (5 µg 
ml-1) 
108 
Figure 3.9b Absorbance spectrum of standard  dopamine Hcl (10 
µg ml-1) 
108 
Figure 3.9c Absorbance spectrum of standard dopamine Hcl (15 
µg ml-1) 
109 
Figure 3.9d Absorbance spectrum of standard dopamine Hcl (20 
µg ml-1) 
109 
Figure 3.9e Absorbance spectrum of standard dopamine Hcl (25 
µg ml-1) 
110 
Figure 3.10 Calibration curve for dopamine Hcl RS (2.64 to 13.19) 
x10-5 M Trial 1 
110 
Figure 3.11 Calibration curve for dopamine Hcl RS (2.64 to 13.19) 
x10-5 M Trial 2 
111 
Figure 3.12 Calibration curve for dopamine Hcl RS (2.64 to 13.19) 
x10-5 M Trial 3 
111 
Figure 3.13 Calibration curve for dopamine Hcl RS 0.0005 to 
0.0025 % w/v (5-25 µgml-1)- Mean of absorbance 
readings. 
112 
Figure 3.14 Calibration curve for dopamine Hcl RS (2.64 to 13.19) 
x10-5 M-  Mean of absorbance readings 
112 
Figure 3.15a Absorbance spectrum of dopamine Hcl  injection (5 
µg ml-1) 
113 
Figure 3.15b Absorbance spectrum of dopamine Hcl injection (10 
µg ml-1) 
113 
Figure 3.15c Absorbance spectrum of dopamine Hcl injection  (15 
µg ml-1) 
114 
Figure 3.15d Absorbance spectrum of dopamine Hcl  injection (20 
µg ml-1) 
114 
Figure 3.15e Absorbance spectrum of dopamine Hcl  injection (25 
µg ml-1) 
115 
Figure 3.16 Sample curve for dopamine Hcl  (2.64 to 13.19) x10-5 
M –Mean of absorbance readings 
116 
Figure 3.17 Sample curve for dopamine Hcl (0.0005-0.0025)%- 
Mean of absorbance readings 
116 
Figure 3.18a Calibration curve for dopamine Hcl RS (0.0009-
0.0045) % Trial 5 
117 
Figure 3.18b Calibration curve for dopamine Hcl (4.75 to 23.70) 117 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xv 
 
x10-5 M Trial 1 
Figure 3.19a Calibration curve for dopamine Hcl (0.0009-0.0045)% 
Trial 2 
118 
Figure 3.19b Calibration curve for dopamine Hcl (4.75to 23.70) 
x10-5 M Trial 3 
118 
Figure 3.20a Calibration curve for dopamine Hcl (0.0009-0.0045)% 
Trial 4 
119 
Figure 3.20b Calibration curve for dopamine Hcl (4.75 to 23.70) 
x10-5 M Trial 5 
119 
Figure 3.21a Calibration curve for dopamine Hcl  (0.0009-
0.0045)% 
120 
Figure 3.21b Calibration curve for dopamine Hcl (4.75 to 23.70) 
x10-5 M 
120 
Figure 3.22a Calibration curve for dopamine Hcl (0.0009-0.0045)% 121 
Figure 3.22b Calibration curve for dopamine Hcl (4.75 to 23.70) 
x10-5 M 
121 
Figure 3.23a Calibration curve for dopamine Hcl (0.0009-
0.0045)%- Mean 
122 
Figure 3.23b Calibration curve for dopamine Hcl (4.75 to 
23.70)x10-5 M- Mean  
122 
Figure 3.24a Sample curve for dopamine Hcl (0.0009 to 0.0045)%- 
Mean  
123 
Figure 3.24b Sample curve for dopamine Hcl (4.75 to 23.70)x10-5 
M- Mean  
123 
Figure 3.25a Calibration curve for dopamine Hcl (2.37 to 
11.87)x10-5 M  
124 
Figure 3.25b Calibration curve for dopamine Hcl (0.00045 to 
0.00225)% w/v  
124 
Figure 3.26a Calibration curve for dopamine Hcl (2.37 to 
11.87)x10-5 M  
125 
Figure 3.26b Calibration curve for dopamine Hcl (0.00045 to 
0.00225) % w/v  
125 
Figure 3.27a Calibration curve for dopamine Hcl (2.37 to 11.87) 
x10-5 M  
126 
Figure 3.27b Calibration curve for dopamine Hcl (0.00045 to 
0.00225) % w/v  
126 
Figure 3.28a Calibration curve for dopamine Hcl (2.37 to 11.87) 
x10-5 M  
127 
Figure 3.28b Calibration curve for dopamine Hcl (0.00045 to 
0.00225) % w/v  
127 
Figure 3.29a Calibration curve for dopamine Hcl (2.37 to 11.87) 
x10-5 M –Mean 
128 
Figure 3.29b Calibration curve for dopamine Hcl (0.00045 to 
0.00225) % w/v –Mean 
128 
Figure 3.30a Sample curve for dopamine Hcl (0.00045 to 0.00225) 
% w/v –Mean 
129 
Figure 3.30b Sample curve for dopamine Hcl (2.37 to 11.87) x10-5 129 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xvi 
 
M –Mean 
Figure 3.31a  Calculating the content % using molar absorptivity 
Trial 1 
132 
Figure 3.31b Calculating the content % using molar absorptivity 
Trial 2 
132 
Figure 3.31c Calculating the content % using molar absorptivity 
Trial 3 
133 
Figure 3.32a Calculating the content % using specific absorbance 
(A1%1cm) Trial 1 
134 
Figure 3.32b Calculating the content % using specific absorbance 
(A1%1cm) Trial 2 
134 
Figure 3.32c Calculating the content % using specific absorbance 
(A1%1cm) Trial 3 
135 
Figure 3.33  Standard addition method curve 138 
Figure 3.34 Molar ratio curve (fixed DCQ concentration) showing 
1 to 4 ratio (Dop.Hcl / DCQ) 
140 
Figure 3.35   Graph of absorbance versus time (min) for scanning 
of 3 different                       concentrations of standard 
dopamine Hcl (4.75 x10-5-14.2 x 10-5) during 40 min 
145 
Figure 3.36 Graph of  reciprocal of time 1/t(S-1) versus Conc.( 1.4 
x 10-4- 4.1 x 10-4M) 
148 
Figure 3.37  Calibrations graph of absorbance versus 
concentration for dopamine Hcl range 4.75 x 10-5-
14.2 x 10-5 M at a fixed time10min 
149 
Figure 3.38 Calibrations graph of absorbance versus concentration 
for dopamine Hcl range 4.75 x 10-5-14.2 x 10-5 M at 
a fixed time 20min 
150 
Figure 3.39 Calibrations graph of absorbance versus concentration 
for dopamine Hcl range 4.75 x 10-5-14.2 x 10-5 M at 
a fixed time 30min. 
150 
Figure 3.40 Calibrations graph of absorbance versus concentration 
for dopamine Hcl range 4.75 x 10-5-14.2 x 10-5 M at 
a fixed time 40min. 
 
 
151 
Figure 4.1 
 
Reaction of phenol with 2,6-bromoquinone-4-
chloroimide 
 
154 
Figure 4.2 
 
Reaction of –SH containing compounds with 2,6-
chloroquinone-4-chloroimide 
 
155 
Figure 4.3  
 
Validation (Linearity & Range) 
 
164 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xvii 
 
List of Tables 
Table 1.1 Electronic Transitions Involving Molecular 
Orbitals. 
23 
Table 2.1  (chemicals & reagents) 56 
Table 2.2 Procedure applied for studying the effect of 
different pH. 
64 
Table 2.3 Procedures applied for construction of calibration 
curves 
67 
Table 2.4 Procedures applied for construction of sample’s 
curves 
69 
Table 2.5 Procedures applied for construction of calibration 
curves (applying heat) 
70 
Table 2.6 Procedures applied for construction of sample’s 
curves (applying heat) 
71 
Table 2.7  Procedure applied for standard addition method 72 
Table 2.8  Procedure applied for added recovery method 73 
Table 2.9  Procedures applied for molar ratio method 74 
Table 3.1 The effect of standing time pre and post the volume 
completion. 
77 
Table 3.2 Effect of using different solvents on intensity and 
? max. 
77 
Table 3.3 Effect of pH changes on stability of the colored 
product and blank solution. 
78 
Table 3.4 Results of using different pH values and statistical 
analysis of the results. 
79 
Table 3.5 Effect of heat on absorbance spectrum.  80 
Table 3.6 absorbance reading with different DCQ 
concentrations 
80 
Table 3.7 Results of reaction’s time and stability of the 
colored complex 
81 
Table 3.8 Results for construction of calibration curves( 5-
25µg/ml): 
92 
Table 3.9 Statistical analysis of calibration curves( 5-
25µg/ml): 
94 
Table 3.10 Results for construction of sample’s curves and 
Statistical analysis of the results. 
95 
Table 3.11 Results for construction of calibration curves (9-
45µg/ml): 
96 
Table 3.12 Statistical analysis of Calibration curves: 98 
Table 3.13 Molar absorptivity, specific absorbance and 
correlation coefficient of calibration curves 
(linear): 
99 
Table 3.14 Molar absorptivity, specific absorbance and 
correlation coefficient of calibration curves 
(proportional): 
99 
Table 3.15  Results for construction of sample’s curves (9- 100 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xviii 
 
 
45µg/ml): 
Table 3.16 Calculated mean, SD, and RSD (%) of sample’s 
curves. 
101 
Table 3.17 Results for construction of calibration curves (4.5-
22.5µg/ml)  
103 
Table 3.18 Calculated mean, SD, and RSD (%) of calibration 
curves 
104 
Table 3.19 Molar absorptivity, specific absorbance and 
correlation coefficient of calibration curves (linear) 
105 
Table 3.20 Molar absorptivity, specific absorbance and 
correlation coefficient of calibration curves 
(proportional): 
105 
Table 3.21 The results for construction of samples curve (4.5-
22.5µg/ml)  plus its statistical analysis. 
106 
Table 3.22 The results of assay of MYOTIL injection. 130 
Table 3.23 The results for repeatability study 136 
Table 3.24 Results obtained by applying the Standard addition 
method. 
137 
Table 3.25: Added recovery results, result’s mean, the standard 
deviation, and the recovery %. 
139 
Table 3.26 Results of Molar ratio experiment. 140 
Table 3.27 Statistical calculation of the limit of detection. 141 
Table 3.28 Statistical calculation of the quantitation limit. 142 
Table 3.29 Absorbance readings of dopamine Hcl range 
4.75x10-5-14.2 x 10-5during 40 min 
144 
Table 3.30 Logarithms of rates for different dopamine Hcl 
concentrations at room temperature. 
146 
Table 3.31 The pseudo first order rate constants calculated for 
each concentration from the slope, multiplied by -
2.303 
146 
Table 3.32 The reciprocal of time in second obtained  147 
Table 3.33 Regression equations of absorbance versus 
concentration for dopamine Hcl range 4.75 x 10-5-
14.2 x 10-5 M at preselected times 10, 20, 30 & 40 
min. 
149 
Table 4.1 The results of performing the reaction at two 
different temperatures. 
159 
Table 4.2 Shows the outcome of the added recovery method. 161 
Table 4.3 Shows the results of linearity range 163 
Table 4.4 Calculation of accuracy 165 
Table 4.5         Calculation of precision 166 
Table 4.6 Regression equations obtained by fixed time 
method  
169 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
